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HYDRAULIC  ENGINEERING  AT  THE  UNIVERSITY  OF  WISCONSIN 
By  Daniel  W.  Mead,  m.w.s.e. 
Presented  Sept.  4,  1907. 
The  last  twenty,  years  has  witnessed  a  decided  increase  in  the  rela- 
tive importance  of  the  various  problems  of  hydraulic  engineering. 
The  development  of  electrical  generation  and  transmission  has  ren- 
dered many  of  the  potential  water  powers  of  the  country  of  impor- 
tance and  made  it  possible  to  develop  and  transmit  to  centers  of 
population  and  manufacturing,  hydraulic  energy  which  previous  to 
this  generation  has  been  of  little  practical  value  on  account  of  the 
distance  of  such  powers  from  a  profitable  market.  The  design  and 
construction  of  such  works  has  become  an  important  feature  among 
modern  engineering  works.  The  increase  in  population  has  also 
enhanced  the  values  of  agricultural  land  and  has  created  values  for 
lands  before  considered  valueless.  The  rise  in  values  has  made  it 
profitable  to  reclaim  swamp  and  overflow  areas  located  near  or 
among  important  farming  districts  until  the  reclamation  of  such  land 
has  become  a  very  important  factor  in  modern  engineering  work. 
The  spread  of  population  to  the  westward  has  brought  into  the  mar- 
ket what  was  formerly  known  as  the  "Great  American  Desert"  and 
has  not  only  occasioned  the  settlement  of  much  of  the  land  which  has 
previously  been  considered  of  little  or  no  value  but  settlement  has 
pushed  on  even  further  into  the  arid  desert  and  there  land  has  been 
found  of  great  agricultural  value  provided  water  can  be  found  ac- 
cessible for  irrigation.  .  Modern  agricultural  investigation  has  made 
manifest  the  value  of  drainage  and  irrigation  in  areas  where  such  im- 
provements have  not  been  considered  essential,  and  such  improve- 
ments have  demanded  no  inconsiderable  engineering  attention.  The 
amount  now  annually  expended  both  by  the  Government  and  by  pri- 
vate interests  for  the  reclamation  of  arid  lands  is  considerable,  and 
irrigation  now  occupies  an  important  position  in  the  work  of  the  en- 
gineer. The  deforestization  of  our  country,  and  the  cultivation  and 
drainage  of  farm  lands  has  produced  new  conditions  and  established 
new  regimens  in  the  rivers,  creating  flood  conditions  which  are 
threatening  many  of  the  populous  communities  located  on  the  fl 
plains  of  important  rivers.  On  this  account  and  also  on  account  of 
the  importance  of  water  powers  the  questions  of  river  conservation 
and  control  have  also  become  important.  Inland  navigation  is  again 
attracting  considerable  attention  and  will  undoubtedly  become  a  still 
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more  important  matter  as  the  country  develops  and  becomes  more 
closely  populated.  Modern  commerce  also  demands  greater  and 
better  harbor  improvements  and  protection,  which  demand  is  in- 
creasing with  the  population  of  the  country.  The  development  of 
hydraulic  machinery  and  its  application  to  various  purposes  is 
rapidly  gaining  in  importance.  Machinery  for  the  development  of 
power,  for  the  drainage  of  lands  and  mines,  for  the  pumping  of 
water  for  municipal  and  various  other  purposes,  has  become  already 
an  important  industry  in  this  country.  All  of  these  conditions  have 
radically  changed  in  the  last  fifteen  or  twenty  years  and  apparently, 
therefore,  require  a  considerable  change  in  the  methods  and  matter 
of  technical  instruction  in  hydraulic  engineering. 

Prior  to  the  year  1904  the  writer  had  been  engaged  for  twenty 
years  in  active  practice  of  his  profession  of  civil  engineering,  much 
of  the  time  being  particularly  interested  and  engaged  in  hydraulic 
work.  He  had  up  to  that  time  given  no  particular  or  detailed  at- 
tention to  the  question  of  technical  education  but  had  decided  views 
as  to  the  desirability  of  a  considerable  change  in  such  education  as 
applied  to  the  line  of  work  in  which  he  himself  was  engaged.  In 
that  year  he  was  offered  and  accepted  the  chair  in  hydraulic  and 
sanitary  engineering  in  the  University  of  Wisconsin  with  the  privi- 
lege of  continuing  his  professional  practice.  It  was  understood  that 
the  writer  should  develop  the  department  of  hydraulic  engineering 
on  the  lines  of  his  personal  ideas,  which  were  fairly  well  understood 
by  the  University  authorities,  and  that  such  development  should  be 
carried  to  the  extent  that  the  importance  of  the  department  or  the 
demand  for  such  development  at  the  University  of  Wisconsin  would 
warrant.  It  was  also  understood  that  opportunities  would  be  af- 
forded for  research  work  along  hydraulic  lines,  the  importance  and 
necessity  of  which  the  writer  appreciated  from  his  own  studies,  ex- 
perience and  investigations. 

Three  years  have  elapsed  since  the  writer  began  his  work  at  the 
University  of  Wisconsin.  Many  of  his  early  ideas  have  undoubtedly 
changed  somewhat  and  been  modified  by  his  experience  in  the  educa- 
tional field.  He  began  this  work  with  a  fairly  clear  appreciation  of 
the  difficulties  that  confronted  him.  He  recognized  the  possible  er- 
rors to  which  an  instructor  who  came,  without  previous  experience, 
from  a  field  of  practice  into  educational  lines  would  be  liable,  that 
such  an  instructor  was  liable  to  overestimate  the  real  educational 
value  of  certain  lines  of  information  which  might  seem  from  his 
practical  experience  of  importance  and  to  underestimate  the  real  ed- 
ucational value  of  much  that  was  taught  in  technical  institutions 
which  might  seem  to  him  of  little  practical  value  or  importance  to  the 
professional  engineer.  He  fully  realized  the  fact,  however,  that  the 
best  technical  education  did  not,  or  should  not,  consist  in  a  knowl- 
edge of  a  mass  of  disconnected  practical  details  which  might  be  ab- 
sorbed by  the  student  without  knowledge  of  the  scientific  basis  on 
whicl   they  must  directly  or  indirectly  depend.    He  believed  also  that 
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a  theoretical  education,  having  no  direct  bearing  on  the  practical 
problems  of  the  engineer,  while  it  might  be  of  value  in  an  educational 
way,  would  better  be  replaced  by  these  technical  studies  which  had  a 
direct  or  indirect  relation  to  the  actual  problems  of  the  engineer,  and 
which,  in  his  judgment,  could  be  made  of  equal  importance  from  the 
purely  educational  view. 

Innovations  have  been  introduced  slowly  and  only  after  careful 
consideration  and  discussion  with  the  Dean' and  with  other  members 
of  the  engineering  faculty  teaching  those  subjects  dependent  directly 
or  indirectly  on  the  subject  of  hydraulics.  Both  the  instructional 
method  of  presenting  most  of  the  subjects  taught  and  the  -nbjects 
themselves  have  been  changed  considerably  from  the  curriculum  or- 
dinarily offered  by  technical  schools. 

Recognizing,  as  he  does,  the  possibilities  of  serious  errors  n 
ing  from  a  false  point  of  view,  and  the  value  of  establishing  correct 
principles  as  a  foundation  for  the  technical  education  of  the  young 
engineer,  the  writer  desires  to  call  the  attention  of  both  practicing 
engineers  and  of  those  engaged  in  instructional  work  in  hydraulic 
subjects,  to  the  changes  made  and  the  methods  pursued  in  this  de- 
partment in  the  University  of  Wisconsin  and  to  ask  a  fair  and  impar- 
tial discussion  of  the  ideas  introduced  and  the  methods  followed. 
That  they  are  far  from  perfect,  the  writer  is  fully  aware.  As  they 
now  stand,  they  are  the  result  of  three  years  of  careful  considera- 
tion from  the  standpoint  of  the  teacher  and  of  over  25  years'  practi- 
cal experience  in  active  professional  work. 

No  independent  department  of  hydraulic  engineering  existed  at 
the  University  of  Wisconsin  prior  to  the  writer's  appointment  to  that 
chair.  The  subjects  taught  were  divided  among  various  depart- 
ments. Theoretical  hydraulics  was  taught  by  the  Department  of 
Mechanics  as  a  part  of  the  course  in  Theoretical  Mechanic- : 
Water  Supply,  Sewerage  and  Sewage  Disposal  were  taught 
by  a  member  of  the  faculty  who  also  taught  Structural  En- 
gineering. Hydraulic  Machinery  as  taught  included  onlv  a  theor 
cal  discussion  of  the  hydraulic  turbine  and  the  laws  of  flow  through 
its  guide  passages  and  buckets ;  Hydraulic  Laboratory  work  was 
taught  in  connection  with  work  in  the  Steam  Laboratory.  These 
subjects  were  differentiated  and  brought  into  the  Department  of 
Hydraulic  and  Sanitary  Engineering. 

Theoretical  Hydraulics,  as  taught  previous  to  the  time  mentii  1 
in  the  University  of  Wisconsin,  and  as  far  as  the  writer  is  informed 
in  all  other  technical  institutions,  consisted  solely  of  a  theoretical  dis- 
cussion of  hydraulic  principles  practically  separate  and  distinct  from 
any  demonstration  in  the  laboratory  or  other  illustrative  work.  The 
laboratory  work  was  a  thing  apart  and  was  not  carried  on  in  connec- 
tion with  and  as  a  part  of  the  theoretical  course.  It  has,  indeed, 
been  found  impossible  at  the  University  of  Wisconsin,  tor  carry  on 
the  laboratory  work  parallel  and  in  direct  connection  with  the  work 
of  the  theoretical  course.    This  is  largely  due  to  the  fact  that  e> 
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laboratory  is  limited  both  in  size  and  equipment;  that  the  time 
available  for  laboratory  work  is  also  limited ;  and  that  it  is  therefore 
impossible  for  the  students  each  to  perform  the  experiments  at  the 
same  time  they  are  studying  the  text,  which  would  illustrate  the 
text  and  make  it  plain  and  bring  about  a  full  realization  of  the  theory 
discussed.  This  theoretical  work  given  entirely  or  partially  apart 
from  any  illustrative  experimental  or  laboratory  work  has  been  very 
unsatisfactory  in  its  results.  Students  do  not,  as  a  rule,  become  in- 
terested in  the  subjects  which  they  with  difficulty  understand,  and 
which  are  illustrated  only  by  such  cuts  and  pictures  as  can  be  made 
and  reproduced  in  the  text  book.  The  students  usually  fail  to  grasp 
the  full  meaning  of  the  theory  or  to  appreciate  its  application,  and  to 
a  large  percentage,  the  course  seemed  of  little  direct  value,  except 
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fundamentally,  or  until  they  enter  into  active  practice  and  be. 
realize  from  their  own  actual  experience  the  meaning  and  bearing  of 
the  subject. 

The  writer  realizes  that  no  subject  can  be  so  thoroughly  well 
taught  that  it  will  become  fully  the  mental  property  of  the  student 
until  he  has  had  the  opportunity  of  putting  it  into  active  use  in  his 
practice  in  many  places  and  at  many  times.  He  then  begins  to  fully 
realize  the  meaning  and  importance  of  a  subject  from  his  own  prac- 
tical experience.  It  has,  however,  appeared  to  the  writer  that  it 
would  be  possible  to  illustrate  and  demonstrate  the  ideas,  conceptions 
and  theories  of  hydraulics,  which  it  is  desired  to  convey  to  the  student 
by  class-room  experiments  in  such  a  way  that  he  could  better  appre- 
ciate the  meaning  and  intent  of  these  theories  and  conceptions  and 
be  more  ready  and  able  to  apply  them  correctly  to  his  practical  work 
when  such  work  comes  to  hand.  No  instructor  would  consider,  at 
the  present  day,  that  physics  could  be  well  presented  to  the  student 
entirely  from  the  text  book  and  without  class-room  illustrations. 
The  fundamental  ideas  of  physics  are  more  completely  demonstrated, 
illustrated  and  emphasized  by  these  experiments,  which  often  leave 
such  an  impression  on  the  student  as  to  remain  with  him  through 
life.  The  writer  can  recall  the  full  details  of  many  such  succ 
and  instructive  experiments  in  his  own  college  days  that  have  re- 
mained in  much  detail  in  his  memory,  illustrating  and  emphasizing 
principles  which  through  them  he  will  never  forget.  It  therefore 
would  seem  that  the  same  principles  should  be  applied  to  the  teach- 
ing of  hydraulics,  and  with  this  idea  in  view,  a  lecture  room  is  now 
being  equipped  in  the  hydraulic  laboratory  in  such  a  manner  that  the 
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fundamental  ideas  and  principles,  or,  at  least,  the  most  important  of 
them,  can  be  demonstrated  and  explained  to  the  students  during  the 
discussion  of  theoretical  hydaulics.  It  is  intended  that  the  work  in 
this  line  shall  be  carried  on  very  much  the  same  as  in  the  physics  lec- 
ture room.  The  apparatus  will  be  arranged  and  ready  for  use,  or 
perhaps  will  be  already  in  operation,  when  the  hour  for  class-work 
arrives.  The  theory  will  be  fully  demonstrated  by  these  experiments, 
and,  from  the  information  gleaned  from  the  experiment,  problems 
will  be  reported  and  worked  out  in  the  class  while  the  experiment  is 
fully  in  mind  or  while  it  is  being  demonstrated  or  repeated.  It  is 
believed  that  the  results  of  this  method  of  instruction  cannot  but  be 
a  very  great  improvement  on  the  previous  method  used.  The  stu- 
dent will  not  only  learn  from  his  text-book  what  must  be  expected 
under  given  conditions  but  will  see  the  results  of  the  theoretical  de- 
duction fully  demonstrated.  The  theory  and  the  facts  in  the  case 
will  be  seen  to  accord  and  a  knowledge  of  these  relations  will  become 
his,  for  he  will  receive  not  only  a  mental  but  an  optical  demonstration 
of  the  same.  He  will  not  be  obliged  to  take  the  statement  of  the 
teacher  or  author  of  the  text  book  for  the  facts  because  he  will  see 
them  for  himself  and  will  become  himself  an  authority  for  the  fact. 
His  interest  will  become  aroused,  his  attention  will  be  attracted,  and 
that  which  was  before  a  dry  and  uninteresting  subject  will  become 
attractive  and  of  real  interest.    The  result,  it  is  believed,  will  be  of 
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importance  not  only  in  the  teaching  of  the  fundamental  principles  of 
hydraulics,  but  also  in  the  laboratory  work  which  will  follow.  Stu- 
dents will  become  better  acquainted  with  the  subjects  and  will  be 
better  prepared  to  undertake  the  determination  of  some  of  the  more 
important  facts  which  it  is  desired  to  emphasize  by  means  of  labora- 
tory work. 

The  former  laboratory  at  the  University  of  Wisconsin  occupied 
one  corner  of  the  mechanical  laboratory  and  consisted  of  a  \ 
limited  supply  of  hydraulic  apparatus  with  a  few  small  and  elemen- 
tary hydraulic  machines.  Within  the  last  three  years  a  hydraulic  lab- 
oratory building  has  been  constructed  on  the  lake  front,  which  af- 
fords very  much  better  facilities  than  have  hitherto  existed  for  both 
instructional  and  research  work. 

The  City  of  Madison  is  located  among  a  group  of  three  inter- 
morainic  lakes  in  Central  Southern  Wisconsin.  The  University 
campus  lies  along  the  borders  of  Lake  Mendota,  the  largest  of  these 
lakes,  and  on  the  shores  of  this  lake  the  hydraulic  laboratory  has 
been  constructed  immediately  adjoining  the  University  pumping  sta- 
tion and  storage  tank  house.    A  new  storage  tank  house  and  pump- 
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ing  station  forming  an  extensive  and  important  part  of  the  labora- 
tory are  to  be  added.  In  this  locality  an  unlimited  quantity  of  water 
is  available  for  hydraulic  experiments,  all  of  which,  however,  must 
be  pumped.  The  lake  bluffs  back  of  the  pumping  station  and  hy- 
draulic laboratory  are  about  fifty  feet  above  the  lake  level.  These 
bluffs  afford  the  site  for  a  reservoir  for  hydraulic  experiments  under 
moderate  head,  which  is  one  of  the  prospective  improvements  but  not 
yet  constructed.  The  foundations,  basement,  walls,  columns  and 
floors  of  the  laboratory  building  are  constructed  of  plain  and  rein- 
forced concrete.  The  walls  of  the  building  above  the  basement  are  of 
red  brick  with  concrete  block  belting  courses,  and  trimmings.  The 
roof  is  an  open  truss  type  covered  with  red  tile  roofing.  The  build- 
ing is  forty-eight  feet  in  width  by  ninety-eight  in  length  and  con- 
sists of  three  stories  including  the  basement  which  is  placed  about 
1 8  in.  above  the  water  level  of  the  lake.  In  the  northeast  corner  of 
this  basement,  and  adjacent  to  the  lake,  is  located  a  30  in.  Morris 
centrifugal  pump,  direct  connected  to  vertical  twin  engines  for  the 
purpose  of  furnishing  large  quantities  of  water  under  low  heads  for 
laro-e  flow  weir  and  water  power  experiments.     The  suction  pipe  of 
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this  pump  is  30  in.  in  diameter  and  takes  the  water  from  a  ten  foot 
canal  leading-  directly  to  the  lake  and  of  a  sufficient  depth  to  admit 
flow  of  water  when  the  lake  is  frozen  over.    The  pump  delivers  the 
water  into  a  receiving  basin  of  considerable  size  from  which  it  may 
be  taken  for  purposes  of  various  experiments  under  heads  up  t<> 
feet.     Various  conduits  and  channels  are  connected  with  this  cham- 
ber as  shown  onthe  drawing.     By  means  of  these  conduits  and  pas- 
sages, investigations  can  be  made  on  a  scale  of  considerable  magni 
hide  and  determinations  made  concerning  the  laws  of  flows  in  such 
channels  and  condiuts  and  the  effect  thereon  of  various  weirs,  racks, 
orifices  and  other  physical  features  similar  to  those  encountered  in 
water  power  and  other  hydraulic  work  which  may  be  interposed  in 
the  flow. 

The  receiving  chamber  is  connected  by  double  head  gates  with  a 
channel  or  race  way  10  ft.  in  width  and  10  ft.  in  depth,  which 
serves  for  large  flow  experiments  and  also  as  a  head  race  leading 
to  the  larger  turbine  installation.  In  this  channel  flow  measurements 
may  be  made  with  various  depths  of  water  in  the  channel  as  con- 
structed or  with  varying  depths  in  width  by  temporary  restrictions  of 
the  cross  section. 

Parallel  and  adjoining  the  large  channel,  on  the  south,  is  a  smaller 
channel  4  ft.  in  width  by  <\l/2  ft.  in  depth  which  is  used -in  con- 
nection with  various  channel  experiments  on  a  smaller  scale,  also  for 
the  purpose  of  rating  current  meters  and  pitot  tubes.  Below  this 
smaller  channel  is  a  30  in.  circular  concrete  conduit  where  the  phe- 
nomena of  flow  in  closed  channels  may  be  observed. 

Five  measuring  chambers  have  been  constructed  in  the  basement 
as  shown  on  the  plan.     These  chambers  are  arranged  sn  that  they 
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can  be  operated  independently  or  together  in  two  groups.  In  the 
double  grouping  of  chambers,  each  group  will  hold  about  5,000  cu. 
ft.,  giving  a  total  capacity  of  about  10,000  cu.  ft.  These  measuring 
tanks  are  used  in  experiments  where  measurements  of  a  high  de- 
cree of  accuracy  are  desired  of  considerable  quantities  of  water. 
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Their  capacity  is  carefully  calibrated  between  definite  points  by 
hook  gauges  and  more  approximately  by  glass  water  gauges.  In  tin- 
calibration  of  these  chambers,  the  water  is  accurately  weighed  and 
allowed  to  flow  into  the  tank  and  the  elevation  of  surface  resulting 
from  different  quantities  is  carefully  observed.  The  leakage,  if  any, 
is  carefully  determined  and  allowances  made  therefor.  In  the  ac- 
curate measurement  of  large  discharges  of  water,  the  waters  are  al- 
lowed to  flow  into  one  of  these  chambers  or  group  of  chamber- 
may  be  necessary,  until  it,  or  they,  are  practically  filled:  then  by 
closing  one  valve  and  opening  another,  the  discharge  mav  be  directed 
into  another  chamber  or  group  of  chambers  while  the  first  is  b< 
emptied.  By  this  means  experiments  can  be  carried  on  for  an  un- 
limited period  of  time  and  the  error  of  limited  observation  thus  ob- 
viated. In  most  of  the  experiments,  however,  as  conducted  at  the 
laboratory,  the  discharge  is  allowed  to  take  place  into  a  chamber  with 
the  discharge  valves  from  the  chamber  open.  When  everything  is 
in  satisfactory  running  condition,  the  valve  is  closed  and  the  time  is 
observed  when  the  surface  of  the  water  reaches  a  certain  known 
elevation.  The  time  of  filling  the  chamber  between  two  known  points 
is  noted  and  the  quantity  of  water  discharged  during  the  known 
period  can  thus  be  determined  within  a  very  small  fraction  of  one  per 
cent. 

By  means  of  proper  floor  openings,  these  chambers  can  be  and  are 
used  as  suction  pits  for  pump  experiment  purposes,  when  desired. 
One  of  the  group  of  measuring  chambers  is  so  arranged  that  the 
chambers  can  be  utilized  for  storage  or  experimental  space  when 
not  desired  for  the  purpose  of  measurements.  They  can  be  readily 
opened  for  such  purposes  or  closed  and  utilized  for  volumetric  meas- 
urements. 

In  addition  to  these  large  permanent  measuring  chambers,  mova- 
ble tanks  and  scales  are  provided  for  the  measurements  of  water  by 
weight  in  smaller  experiments.  There  are  also  provided  various 
smaller  movable  measuring  tanks  for  smaller  volumetric  observation. 

A  number  of  hydraulic  turbines  are  available  for  laboratory  and 
lecture  room  uses.  The  largest  of  these  is  a  30  in.  Leffel  wheel  which 
will  develop  about  50  h.  p.  under  the  maximum  available  head.  This 
turbine  is  located  at  the  west  end  of  the  10  ft.  channel  from  which  it 
receives  its  water  supply.  The  water  after  passing  the  wheel  is  dis- 
charged into  a  tail  race  10  ft.  in  width  in  which  a  five  foot  depth  of 
flow  will  be  maintained.  In  this  tail  race  is  arranged- a  standard  weir 
which  has  been  carefully  calibrated  by  means  of  smaller  weirs  the 
capacity  of  which  was  determined  by  volumetric  measurements. 
This  weir,  in  connection  with  a  Prony  brake  on  the  wheel,  will  ad- 
mit of  the  accurate  determination  of  quantities,  velocities,  pov 
and  efficiencies  under  various  heads  and  conditions.  Two  12  in.  tur- 
bines are  set  in  a  separate  wheel  pit  and  receive  their  water  through 
a  separate  channel,  discharging,  however,  at  the  present  time  into 
the  same  tail  race  as  the  larger  turbines.     A  10  in.  standard  LefFel 


18  Mead — Hydraulic  Engineering  at  U.  of  W . 

wheel,  constructed  of  bronze,  having  metal  gates,  and  an  8  in.  Piatt 
registered  gate  wheel  of  the  same  material,  are  available  for  both 
laboratory  and  class  room  use.  These  wheels  are  of  regular  type 
and  construction  and  enable  the  student  to  gain  a  clear  idea  of  the 
particular  wheels  in  question  and  of  other  similar  wheels.  A  hori- 
zontal Girard  turbine  is  now  being  constructed  for  the  University 
by  the  Piatt  Iron  Works  and  a  horizontal  Francis  turbine  will  soon 
be  purchased.  Two  impulse  wheels  and  several  small  water  motors 
are  also  available  for  instruction  and  experiment. 

East  of  the  hydraulic  laboratory,  directly  connected  with  it  and 
forming  an  integral  part  of  the  plant,  are  the  University  storage 
tank  and  pump  houses.  The  pump  house  is  equipped  at  present  with 
one  crank  and  fly-wheel  compound  condensing  pumping  engine  and 
two  compound  direct  acting  duplex  steam  pumps.  This  station  is 
soon  to  be  reconstructed,  greatly  increased  in  size  and  provided  with 
more  modern  machinery.  The  pumps  deliver  their  water  into  the 
university  mains,  the  excess  being  stored  in  the  storage  tanks  under 
78  pounds  pressure.  This  pressure  is  maintained  constant  by  air 
pressure  from  two  air  tanks,  which  contain  air  at  a  higher  pressure 
(100  to  150  lbs.).  These  storage  tanks  furnish  water  under  the 
higher  pressures  needed  for  many  experimental  purposes. 

The  air  tanks  and  the  compressor  that  supply  them  are  also  to  be 
utilized  for  experimental  study  on  the  air  lift  and  other  types  of 
pneumatic  pumps. 

The  University  is  equipped  with  a  single  acting  "Demming"  tri- 
plex pump  with  cylinder  8  in.  in  diameter  and  a  stroke  of  8  in.,  also 
a  "Rumsey"  single  acting  triplex  pump  with  cylinder  4  in.  by  6  in., 
and  a  "Fairbanks,  Morse  &  Co.,"  horizontal  duplex  pump  with  6  in. 
by  8  in.  cylinder.  Several  centrifugal  pumps  are  available  for  experi- 
mental work.  These  consist  of  the  30  in.  pump  previously  men- 
tioned, a  vertical  6  in.  pump,  a  horizontal  6  in.  pump,  and  a  horizon- 
tal 2  in.  pump.  Power  is  available  to  operate  the  power  pump  from 
one  25  h.  p.  and  one  50  h.  p.  variable  speed  electric  motor. 

The  laboratory  is  provided  with  two  hydraulic  rams.  A  number 
20  Rife  ram  which  is  in  use  for  general  experimental  purposes  is  pro- 
vided with  a  two-inch  drive  pipe  which  is  arranged  in  six  foot  sec- 
tions. The  supply  tank  to  the  ram  is  adjustable  and  can  be  so  ar- 
ranged that  it  will  supply  water  to  the  ram  under  heads  varying 
from  18  in.  to  10  ft.  This  variation  in  head  and  length  of  drive  pipe 
together  with  the  variation  in  the  pressure  of  discharge  gives  a  con- 
siderable range  for  experimental  work  and  provisions  are  made  for 
the  accurate  determination  of  the  effects  of  such  variations  on  effi- 
ciency and  service.  A  smaller  ram  is  provided  capable  of  being 
worked  under  supply  heads  up  to  50  pounds  pressure,  but  with 
smaller  quantities  of  water. 

In  connection  with  the  hydraulic  and  sanitary  work,  there  has  been 
provided  in  the  laboratory,  four  water  filters.  Two  of  these  filters 
are  slow  sand  filters  and  consist  of  tanks  6  ft.  in  diameter  by  8  ft. 
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in  height.  In  addition  to  these,  one  Jewell  gravity  filter  has  been 
purchased,  and  one  mechanical  filter  containing  Norwood  Strainers 
has  been  presented  to  the  University  by  the  Norwood  Engineering 
Company  of  Florence,  Mass.  These  filters  have  been  fully  equipped 
for  experimental  work. 

Apparatus  has  been  provided  for  the  study  of  the  flow  of  water  in 
straight  and  curved  pipes  and  hose  of  various  sizes  and  materials, 
also  for  the  investigation  of  losses  due  to  sudden  enlargement  and 
contraction  and  to  valves  and  other  forms  of  restricted  passages. 
About  80  ft.  each  of  6  in.  cast  iron,  wrought  iron,  spiral  riveted,  and 
wood  pipes,  have  recently  been  installed,  for  comparative  study. 

A  large  assortment  of  accurate  apparatus  for  the  measurement  of 
quantities,  velocities  and  pressures,  both  in  open  and  closed  channels 
is  available  in  the  laboratory. 

Arrangements  have  been  made  for  the  careful  and  accurate  in- 
vestigation of  various  types  of  instruments  and  of  the  methods  used 
in  conducting  hydraulic  experiments. 

The  regular  course  of  instruction  includes  a  careful  selection  of 
such  typical  determinations  as  will  give  the  student  familiarity  with 
the  application  of  the  most  important  principles  encountered  in  his 
theoretical  work.  Opportunities  are  offered  for  advanced  work  in 
practical  hydraulics  and  hydraulic  machinery  and  for  research  work 
on  still  more  advanced  lines. 

On  the  upper  floor  of  the  laboratory,  a  lecture  room  32  ft.  by  48  ft. 
with  a  seating  capacity  of  150.  This  room  will  be  provided  with  ap- 
paratus by  means  of  which  many  simple  forms  of  experiments  can 
be  performed  before  the  classes  in  theoretical  hydraulics  and  hy- 
draulic machinery,  thus  establishing  by  means  of  actual  and  visible 
results  the  principles  which  can  be  emphasized  and  impressed  on  the 
mind  of  the  student  only  in  this  wa) 

Plate  3  illustrates  a  jet  experiment  by  which  some  of  the  funda- 
mental principles  of  hydraulics  are  illustrated.  At  the  right  is  a 
tank  about  three  feet  square  which  is  kept  full  of  water  to  the  de- 
sired gaus:e  height  by  a  supply  pipe  entering  the  tank  at  the  bottom. 
Three  standard  orifices  are  placed  in  one  side  of  the  tank  and  dis- 
charge into  the  receiving  basin  upon  which  the  tank  rests.  A  black 
board  ruled  in  feet  and  tenths  is  placed  with  the  zero  line  of  its  ab- 
scissas on  a  line  with  the  plane  of  the  orifice  and  closely  behind  the 
jets  passing  from  them.  The  paths  of  these  jets  are  clearly  out- 
lined against  the  cross  section  lines  of  the  blackboard. 

The  following  illustrates  two  calculations  based  upon  this  experi- 
ment : 

To  nrrn'e  Torricelli's  Theorem  by  this  experiment,  i.  e.  that 
v=  \J2gh 

h  =4.52  —  2.00=2.52 

v  =8.02^h=8.02  x  1.587=12.728  ft.  per  sec. 

Time  to  go  4  ft.  at  rate  of  12.728  ft.  per  sec.= 
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4 

=0.3142  sec. 

12.728 
Distance  a  body  will  fall  in  0.314  sec.= 

s=y2  gt:-=y2x 32.16  (0.3142)^=1.587  ft. 

Check  on  blackboard  s=i.6  ft. 

To  show  that  the  path  of  the  jet  follows  a  parabola  with  equation 

X2=2   py 

Let  y=o.i.  then  x  =2x5x0.1—1  and  x=i  checked  on  blackboard. 

Let  y=     0.4  then  xs=2  x  5  x  0.4  and  x_  2  checked  on  blk.  brd. 

Let  y=     0.9  then  2  x  5  x  0.9=9  and  x=3  checked  on  blk.  brd. 

Let  y=     1.6  then  x*=2  x  5  x  1.6=16  and  x=4  checked  on  blk.  bd. 

To  show  the  conversion  of  energy  from  potential  to  kinetic  and 
its  reconversion  to  a  potential  form  and  the  losses  commonly  en- 
tailed in  such  transformation,  the  experiment  illustrated  in  plate  4 
is  introduced. 

In  this  experiment  the  jet  is  discharged  through  a  nozzle  from 
the  right  hand  tank  under  a  head  of  four  feet  and  has  a  velocit 
about  95%  of  that  due  to  the  head,  which  may  b  demonstrated  by 
a  pitot  tube.  The  actual  loss  in  head  and  consequently  in  energy 
from  the  transformation  is  about  10%.  The  kinetic  energy  of  the 
free  jet  after  passing  unconfined  through  a  space  of  about  six  inches 
is  reconverted  into  potential  form  by  entering  a  gradually  expanding 
tube  attached  to  the  tank  on  the  left  where,  on  account  of  the  con- 
dition, only  about  75%  of  the  velocity  energy  of  the  jet  is  recovered 
and  a  loss  in  head  of  about  i.6t  feet  or  about  44.4%  results.  The 
net  result  of  the  experiment  is  a  total  loss  in  the  entire  conversion 
and  reconversion  of  50%  of  the  original  energy. 

To  illustrate  in  the  lecture  room  the  principles  of  the  reaction  tur- 
bine, a  simple  form  of  this  machine,  shown  in  Plate  5,  has  been  con- 
structed. This  is  the  form  known  as  Barker's  mill  and  consists  of 
a  body  of  10  in.  wrought  iron  pipe  provided  with  a  bottom  and  shaft 
and  with  six  nozzles  attached  tangentially  near  the  base.  A  brake 
pulley,  B,  is  attached  near  the  upper  end  of  the  shaft,  and  a  string 
brake  passes  around  the  pulley,  being  attached  to  a  weight.  W,  (with 
scale  S  indicating  its  amount)  at  one  end  and  to  a  friction  .weight, 
A.  at  the  other.  Various  principles  of  the  reaction  turbine  are  illus- 
trated and  demonstrated  by  the  operation  of  this  wheel.  For  exam- 
ple: to  show  that,  with  a  given  head,  a  wheel  must  operate  prac- 
tically at  one  certain  speed  in  order  to  di  velop  the  maximum  power 
from  the  wheel,  water  is  admitted  through  the  pipe,  P,  the  brake 
cord  is  loosened,  and  the  wheel  begins  to  revolve  (see  Plate  6). 
When  the  head  has  become  constant  and  the  revolutions  uniform, 
the  revolutions  per  minute  are  determined  bv  a  revolution  counter 
and  the  run  away  speed,  or  the  speed  at  which  the  machine  will  op- 
erate without  other  than  its  own  friction  load,  is  thus  shown.    A  load 
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is  gradually  applied  to  the  wheel  by  adding  weight  in  the  scale  pan, 
A,  and  the  effect  is  measured  on  the  scale,  S. 

The  net  added  friction  load  is  the  difference  between  the  scale 
reading,  S,  and  the  friction  weight,  A.  Readings  are  taken  with 
various  loads  and  speeds.  The  student  observes  the  data,  calculates 
and  plats  the  results  in  order  to  obtain  a  graphical  representation  of 
the  law  and  impress  the  principle  on  his  mind. 

The  same  facts  are  also  shown  by  experiments  on  a  tangential  or 
impulse  wheel  (See  Plate  7).  The  following  are  the  results  of  two 
experiments  on  these  wheels  made  before  a  class  of  more  than  one 
hundred  students.  Each  student  calculated  the  results  and  platted 
curves  showing  the  relation  formed  between  power  and  speed  (See 
Plate  8),  thus  emphasizing  the  fact  that  in  both  of  these  cases  in 
order  to  obtain  the  maximum  power  the  peripherial  velocity  of  the 
wheel  must  be  about  40%  of  the  velocity  due  to  the  head. 

EXPERIMENTS  WITH  REACTION  WATER  WHEELS. 

Diameter  of  wheel 1.4  ft. 

water 2.5  ft. 

of  brake  pulley.  .0.5  ft. 
Net  Weight 
On  Brake, 
o. 

3.85 
54 
7-4 
9-i 
9-7 
10.1 
EXPERIMENTS  WITH  DOUBLE  TANGENTIAL  WHEEL. 

Diameter    of    Wheel 1.0  ft. 

Head  of  water. .  .115  ft.  or  50  lbs. 

Lever   Arm    2  ft. 

Net  Weight 
On  Brake. 
0. 

0-7 
1.2 
2.0 
2.4 
3-o 
4.2 

4-5 

5.0 

6.7 
Considerable  attention  has  been  and  will  be  given  in  this  laboratory 
to  advanced  and  research  work. 

Experiments  of  considerable  importance  have  just  been  completed 
in  the  channel,  on  the  flow  through  a  submerged  orifice  four  feet 
square,  the  net  results  of  which  are  shown  on  Plate  9  and  the  de- 
tailed results  will  soon  appear  in  a  university  bulletin  now  in  press. 
The  volume  of  water  available  in  this  channel  is  about  30,000  gal, 
per  min.  or  67  cu.  ft.  per  sec.  and  offers  a  considerable  opportunity 
for  research  work  with  reference  to  apertures,  weirs,  racks,  etc.,  of 
considerable  size. 


Weight 
Scale  S 

Head   of 

Diameter 

Friction  Weight 

A. 

0. 

0. 

4-6 
6.8 
9-6 

075 

1-4 

2.2 

12.0 

2.9 

13.2 
14.2 

3-5 
4-1 

^ev. 

Calculated 

Power. 

130 

0. 

100 

0.0185 

85 

0.0122 

68 

0.0242 

49 

0.0214 

36 

0.0168 

0 

0. 

Weight 

Friction 

Scale  S 

A 

0. 

0.9 

1.6 

0.9 

2.1 

0.9 

2.9 

0.9 

3-3 

0.9 

3-9 

0.9 

5- 1 

0.9 

5-4 

0.9 

5-9 

0.9 

7-6 

0.9 

Rev. 

Calculated 

r.  Min. 

Power. 

1250 

0. 

1090 

0.294 

1030 

0-475 

830 

0.638 

760 

0.710 

650 

0.748 

440 

0.700 

370 

0.640 

280 

0-537 

0 

0. 
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The  experiments  on  the  flow  of  water  through  submerged  ori- 
fices and  various  forms  of  short  conduits  will  be  extended  and  it  is 
also  intended  to  investigate  the  effect  of  racks  and  other  obstruc- 
tions on  the  flow  of  water  through  this  large  channel. 


■^'LENGTH  OF  TUBE   DIVIDED  BY   LENGTH  OF  SIDE  OF  SQUARE.      PLATE      XXXIII. 
O.S  1.0  1.5  2.0 


LENGTH  OF  TUBE  IN   FEET. 


Plate  9. 
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It  is  intended  to  direct  advanced  and  thesis  work  into  lines  where 
further  information  is  desirable,  and  to  so  direct  and  check  such 
work  by  expert  advice  and  supervision  that  the  results  obtained  will 
be  reliable  and  of  general  value.  Results  of  interest  will  b.e  further 
investigated,  checked  and  extended,  and  as  fast  as  the  conditions 
seem  to  warrant,  will  be  published. 

Special  lines  of  importance  will  be  investigated  by  expert  experi- 
menters. One  special  line  of  experimentation  which  has  been  under 
way  for  about  two  years,  is  in  relation  to  centrifugal  pumps.  For 
this  purpose  a  special  pump  has  been  designed  which  is  sufficiently 
flexible  to  admit  of  a  wide  range  of  change  in  detail.  Six  forms  of 
cases  have  been  designed,  some  of  which  can  also  be  varied  by  the 
addition  of  various  forms  of  fixed  turbine  blades.  Twenty-four 
forms  of  closed  impellers,  in  which  the  number  and  shape  of  the  im- 
peller blades  vary,  have  been  constructed.  The  general  form  of  the 
closed  impellers  is  shown  in  Plate  10,  and  two  forms  of  the  impel- 
ler blades  are  shown  in  Plate  n.  All  of  these  are  to  be  increased 
in  number  and  varied  in  design  as  the  results  of  the  experimental 
work  may  warrant.  This  experimental  pump  is  operated  by  a  fifty 
horse  power  variable  speed  electric  motor,  and  can  be  run  at  a  wide 
range  of  speeds.  The  motor  current  is  determined  by  the  most  accu- 
rate forms  of  laboratory  testing  instruments,  and  the  motor  losses 
are  determined  with  great  care,  so  that  the  actual  power  reaching  the 
pump  is  known  with  a  considerable  degree  of  accuracy.     Provisions 


Plate    10 — 6-inch   Vertical   Centrifugal   Pump. — Views 
Showing  Form  of  Enclosed  Radial  Impellers. 
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Platk   12. 
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have  been  made  for  a  careful  study  of  pressures  and  velocities  in  the 
cases  and  passages  of  the  pump,  and  the  discharge  is  obtained  over 
a  carefully  calibrated  weir. 

The  object  of  this  series  of  experiments  is  the  establishment  of 
the  laws  of  flow  in  machinery  of  this  type  and  the  determination  of 
the  features  which  will  result  in  high  efficiencies  and  permit  of  the 
attainment  of  high  heads.  A  special  vertical  type  of  centrifugal 
pump,  intended  primarily  for  deep  well  work,  designed  by  Mr.  John 
W.  Alvord,  of  Chicago,  has  been  presented  to  the  laboratory  by  Mr. 
H.  H.  Porter,  president  of  the  Chicago  Clearing  and  Transfer  I  om- 
pany.  The  general  form  of  the  pump  as  arranged  for  testing  is 
shown  in  Plate  12.  It  is  also  being  tested  in  this  series  of  experi- 
ment, which,  it  is  expected,  will  also  be  extended  to  pumps  of  various 
standard  designs  and  manufacturers.  A  section  of  this  pump  is 
shown  on  Plate  13  and  the  net  comparative  results  of  certain  tests, 
in  which  the  number  of  vanes  and  the  shape  of  the  water  passages 
were  varied,  are  shown  on  Plate  14.  The  effect  of  a  change  in  the 
form  of  entrance  to  the  six  inch  impeller,  with  water  area  constant, 
is  also  shown  on  this  plate.  The  marked  improvements  in  the 
efficiency  and  discharge  of  the  12  vaned  impeller  when  used  with  a 
spiral  pump  casing,  over  that  obtained  in  the  pump  in  question,  are 
shown  on  Plate  15.  The  detailed  results  of  the  experiments  briefly 
outlined  above  are  published  in  Bulletin  No.  173  of  the  University 
of  Wisconsin  and  can  be  obtained  through  the  Librarian  of  the  Uni- 
versity at  Madison. 

While  the  subject  of  hydraulics  is  one  that  has  received  much  at- 
tention from  the  earliest  times  yet  there  are  many  conditions  that 
have  not  been  sufficiently  investigated  and  principles  that  have  not 
been  thoroughly  established. 

The  research  work  of  the  hydraulic  laboratory  therefore  is  be- 
lieved to  be  an  important  part  of  the  work  of  the  department. 

There  has  been  introduced  into  the  curriculum  of  the  hydraulic 
engineering  department  the  subject  of  hydrology,  not  hitherto  taught 
in  the  University  of  Wisconsin,  or,  as  far  as  the  writer  knows,  at  any 
other  institution.  From  the  writer's  practical  experience  in  hydraulic 
work  he  believes  that  the  most  prolific  source  of  failure  in  hydraulic 
installation,  hydraulic  problems,  or  schemes  in  which  hydraulic  prob- 
lems are  involved,  is  the  lack  of  fundamental  knowledge  of  many  of 
the  principles  that  are  included  under  the  title  of  hydrology.  The 
writer  has  stated  in  another  place  that  "hydrology,  in  its  broadest 
sense,  treats  of  the  properties,  law  and  phenomena  of  water:  <>t  its 
physical,  chemical,  and  physiological  relations,  of  its  distribution  and 
occurrence  over  the  earth's  surface  and  within  the  geological  strata, 
and  of  its  sanitary,  agricultural  and  commercial  relations."  In  pre- 
senting this  subject  to  engineering  students  such  relations  ,i>; 
more  specifically  on  the  work  of  the  engineer  are  di  ind  con- 

sidered. It  is  the  writer's  belief  that  a  study  of  this  subject  should 
precede  all  advanced  work  in  hydraulic  engineering.     At  present,  at 
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Scale 

6* 


Plate  13— Test  6-inch    Vertical   Centrifugal    Pump- 
of  Pump  Frame. 


-Detail 


the  University  of  Wisconsin  the  subject  is  required  of  the  students 
in  civil  engineering  only,  and  prior  to  their  consideration  of  the  sub- 
ject of  water  supply,  drainage,  irrigation,  and  of  sewerage  and  sew- 
age disposal.  The  students  in  mechanical  and  electrical  engineering 
who  are  required  to  take  up  the  course  in  water  power,  are  not  re- 
quired to  take  hydrology  as  a  pre-requisite  to  the  water  power  study. 
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In  consequence  of  this  fact,  those  elements  of  this  subject  which  bear 
more  specifically  on  the  subject  of  water  power  are  discussed  in  the 
water  power  class.    It  is  the  writer's  belief,  however,  that  the  subject 
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Plate    15 — Curves    Showing    Comparative    Effect  on 
Discharge  and  Efficiency  of  Upcast  Section  and  6-inch  Spiral  Casing. 

Impeller  in  Both  Cases:— 12   Vanes.  Radial,  Entrance  Curved,  Waterway  Area  Practically  Constant. 
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of  hydrology  should  be  a  required  subject  for  all  engineering  stu- 
dents just  as  much  as  the  subject  of  theoretical  hydraulics. 

The  other  subjects  included  at  the  present  time  in  the  department 
of  hydraulic  and  sanitary  engineering  are,  Public  Water  Supply, 
Drainage,  Sewerage  and  Irrigation  (considered  as  a  single  subject), 
Water  Power,  Hydraulic  Machinery,  and  Rivers  and  Canals.  In  all 
of  these  subjects  an  attempt  is  made  not  only  to  develop  the  theory 
on  which  these  subjects  are  based,  but  to  show  the  application  of  this 
theory  by  illustration  from  actual  practice.  An  attempt  is  made,  in 
this  way,  both  to  make  the  subject  an  interesting  one  to  the  student 
and  to  bring  home  to  him  the  fact  that  the  principles  are  real,  living 
principles  which  every  engineer  who  would  be  sucessful  must  un- 
derstand and  be  able  to  apply.  He  is  made  to  realize  as  fully  as  pos- 
sible that  the  theories,  problems,  and  laws  which  are  brought  to  his 
attention  are  not  simply  mathematical  and  scientific  mental  gymnas- 
tics for  his  educational  benefit  but  are  also  of  direct  and  living  inter- 
est and  that  a  full  knowledge  of  the  same  is  vital  to  his  professional 
success.  As  far  as  possible,  the  structures  and  machines  which  are 
considered  are  illustrated  by  models  and  when  models  are  not  avail- 
able drawings,  photographs  and  lantern  slides  are  used.  The  stu- 
dent is  called  upon  to  work  out  practical  problems  of  such  a  nature 
that  their  utility  is  fully  recognized  by  him  and  yet  of  such  a  nature 
that  they  involve  the  theoretical  principles  which  must  constitute  the 
educational  foundation  of  every  successful  engineer.  The  student 
is  taught  that  a  knowledge  of  the  methods  of  theoretical  analysis  is 
essential  for  his  successful  consideration  of  a  subject,  but  that  the 
development  of  his  judgment  is  of  equal  importance.  He  is  taught 
that  both  theoretical  knowledge  and  practical  technical  experience 
must  go  hand  in  hand  and  that  either  without  the  other  is  imperfect ; 
and  an  attempt  is  made  to  have  him  fully  realize  the  advantage  of 
his  educational  opportunities,  at  the  same  time  to  fully  understand 
that  without  the  actual  experience  that  is  developed  only  by  practice 
bis  .theoretical  education  is  unsatisfactory  and  incomplete,  and  can 
be  applied  only  with  almost  certainty  of  serious  error. 

Outside  of  the  subject  of  theoretical  hydraulics  perhaps  the  great- 
est departure  that  has  been  made  from  past  practice  among  techni- 
cal schools  is  in  the  instruction  on  the  subject  of  hydraulic  machin- 
ery.    All  text  books  on  hydraulic  machinery  so  far  as  the  writer  is 
aware,  are  written  principally  from  the  standpoint  of  the  designer, 
cr  the  man  who  is  expected  to  undertake  the  construction  of  this 
class  of  machinery.     That  is  to  say  the  theory  of  the  machine  and 
the  theoretical  effect  of  modification  in  form  and  design  are  discus 
and  the  practical  results  of  its  actual  use  are  not  considered.    Of  the 
students  who  pass  through  our  educational  institutions  a  very  small 
percentage  give  their  time  and  attention  to  the  manufacture  of  hy- 
draulic machinery.    Almost  all  of  them,  however,  will  use  machin 
of  this  kind  to  a  greater  or  less  extent.     Almost  all  of  them,  t! 
fore,   are   interested    in   the   selection   of   the   machinery,   in   is    in- 
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stallation,  its  operation  and  maintenance,  and  it  is  from  this  stand- 
point that  an  attempt  is  made  to  consider  this  subject  at  the  Uni- 
versity of  Wisconsin.  The  engineer  who  is  called  upon  to  select  and 
install  this  class  of  machinery  for  his  client  or  employer  is  necessar- 
ily and  particularly  interested  in  the  details  of  construction  so  far  as 
they  will  affect  the  efficiency  and  operation  of  the  machine.  He  may 
feel  an  interest  in  the  detail's  of  manufacture  but  a  knowledge  of  the 
minutia  are  seldom  essential  to  his  purpose.  His  interest  is  cen- 
tered in  the  selection  of  the  machinery  which  forms  a  part  of  the 
plant  which  he  is  called  upon  to  design  and  he  regards  the  machines 
in  question  as  only  a  part  of  a  perfect  whole  which  it  is  his  duty  to 
create.  To  him  a  machine  is  a  unit,  which,  with  other  units,  must  be 
selected  and  installed  in  order  to  form  a  complete  and  satisfactory 
plant.  His  interest  in  the  details  of  the  machine  lies  particularly  in 
their  effect  on  its  operation,  maintenance  and  efficiency.  He  is  not 
necessarily  an  expert  on  any  one  class  of  machinery,  but  he  must 
not  only  understand  the  single  class  of  machinery  in  which  the  expert 
is  interested  but  he  must  also  be  familiar  with  a  great  variety  of  ma- 
chinery to  which  other  experts  may  be  giving  their  entire  attention 
and  concerning  the  minute  details  of  which  it  is  impossible  for  him  to 
thoroughly  post  himself.  The  mental  capacity  of  a  man  is  not  suffi- 
cient to  permit  him  to  know  in  detail  all  things;  hence  the  necessity 
of  the  expert.  Hence,  also,  the  necessity  of  the  man  whose  general 
knowledge  is  in  sufficient  detail  to  be  able  to  compare  the  values  of 
various  classes  of  machinery  and  to  select  those  classes  which  are  of 
the  proper  type  for  the  particular  purposes  of  the  installation  which 
he  may  have  in  charge.  The  point  of  view  of  the  machine  designer 
and  of  the  engineer  of  the  installation  have  much  in  common  and 
the  installing  engineer  is,  of  course,  all  the  better  fitted  for  his  work 
it  he  understand  thoroughly  all  the  details  of  construction  of  any 
machine  which  he  is  called  upon  to  select  and  utilize,  provided  at 
the  same  time,  his  knowledge  is  broad  enough  to  give  him  a  correct 
conception  of  the  relative  importance  of  other  machine  units  which 
should  be  considered  in  selecting  the  parts  of  the  complete  installa- 
tion. He  needs  specific  information  concerning  the  general  features 
of  all  machines  with  which  he  must  be  necessarily  acquainted  in 
order  to  intelligently  and  satisfactorily  accomplish  his  purpose.  It  is 
•  this  conception  of  hydraulic  machinery,  which  the  writer  is  endeavor- 
ing to  embody  in  the  course  in  Hydraulic  Machinery.  It  must  not 
be  understood  that  an  attempt  is  being  made  in  this  case  to  introduce 
a  large  amount  of  disconnected  information  which,  while  important 
to  the  practicing  engineer,  nevertheless  does  not  constitute  the  foun- 
dation for  a  proper  technical  education,  for  such  is  not  the  case.  In 
this  course  an  attempt  is  made  to  impart  the  necessarv  theoretical 
basis  which  will  allow  of  correct  deduction  in  the  subject  con- 
sidered, to  furnish  the  fundamental  basis  on  which  the  principle  of 
the  selection  of  machinery  must  depend  and  to  develop  those  princi- 
ples in  regard  to  machine  construction  which  it  is  not  only  important 
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but  essential,  for  every  practicing-  engineer  who  is  oblige.  1  to  select, 
install,  operate  or  maintain  various  classes  of  machinery,  to  know 
in  order  that  his  work  shall  be  done  to  advantage.  Tn  all  these  sub- 
jects an  attempt  is  also  made  to  assure  a  knowledge  of  the  literature 
of  the  subject  so  as  to  make  it  fully  available  for  Future  study  and 
.research,  to  impress  the  necessity  of  careful  and  detailed  study  of 
each  particular  problem  by  itself  and  to  induce  a  recognition  of  tin- 
theoretical  principles  which  must  underlie  the  subject  and  which  are 
necessary  for  its  proper  consideration  and  for  its  sucessful  treat- 
ment. It  is  the  intention  of  the  department  to  extend  the  facilities 
of  the  laboratory  as  far  as  possible  to  practicing  engineers  and  ad- 
vanced students  for  study  and  investigation.  During  the  summer 
of  1908  the  laboratory  will  be  kept  open  for  this  purpose  and  for  the 
purpose  of  research  work.  The  research  work  described  in  bulletin 
No.  173  and  the  experiments  on  the  four  foot  orifices  have  been  made 
by  Mr.  C.  B.  Stewart,  m.w.s.e.  The  theoretical  hydraulics  and 
instructional  laboratory  work  has  been  in  the  immediate  charge  of 
Prof.  G.  J.  Davis,  Jr.,  and  Mr.  L.  F.  Harza.  The  advanced  labora- 
tory and  thesis  work  is  supervised  by  Prof.  Davis  and  the  writer. 

discussion-. 

President  Abbott:  This  very  interesting  lecture  which  we  have 
had  the  pleasure  of  listening  to  this  evening  has  touched  upon  a  num- 
ber of  topics,  any  one  of  which  would  have  been  sufficient  in  itself 
for  an  evening's  discussion.  These  matters  were  presented,  as  I 
jnderstand  it,  not  for  a  discussion  of  the  specific  topics  presented, 
but  to  show,  in  general,  what  the  Engineering  Department  of  the 
University  of  Wisconsin  is  undertaking — particularly  the  Hydraulic 
section. 

The  line  of  work  outlined  by  Prof.  Mead  is  an  example  of  a  new 
demand  which  is  put  upon  the  engineering  colleges  by  the  people 
The  technical  schools  now  have  two  distinct  functions,— one  is  in 
struction  and  the  other  is  investigation.  Tn  this  respect  the  different 
engineering  schools  of  the  country  appear  to  follow  similar  lines, 
although  each  school  selects  its  specialty  and  follows  that.  Wiscon- 
sin we  may  say  is  making1  a  specialty  of  its  hydraulic  laboratory: 
Michigan,  possiblv  its  new  work  in  naval  architecture;  Purdue,  its 
locomotive  testing  plant;  and  Illinois,  reinforced  concrete  investiga- 
tion, with  its  600,000  pounds  testing  machine.  It  is  fortunate  that 
each  of  these  schools  selects  something  different  for  its  specialty  and 
develops  along  that  line  so  that  the  work  is  not  duplicated. 

There  is  being  built  up.  in  the  Mississippi  Valley  particularly,  a 
class  of  technical  institutions  which  are  now  thriving  with  rank  luxu- 
riance ;  their  development  is  phenomenal  and  their  success  is  equally 
great  and  well  appreciated.  On  this  account,  being  supported  by  the 
different  states  in  which  they  are  situated,  their  financial  support 
from  the  various  state  legislatures  is  liberal,  and  increasingly  so. 
These  institutions  as  a  rule  have  no  endowments  or  very  small  ones 
at  best,  but  the  yearly  or  bi-annual  appropriations  which  they  are 
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receiving  represents  an  income  from  an  endowment  equal  to  that  of 
the  long  established  and  wealthy  educational  institutions  of  the 
country. 

The  result  of  this  development  is  that  these  western  Universities 
form  a  class  by  themselves  and  are  rivals  of  each  other  only  to  the 
extent  of  stimulating  each  other  to  do  their  utmost  to  keep  at  the. 
head  of  the. procession,  all  working  harmoniously  together  in  the  in- 
terchange of  ideas  (and  Professors,  too,  when  one  college  has  a 
better  salary  to  offer  than  another),  thereby  growing  up  side  by  side 
and  developing  uniformly,  each  taking  advantage  of  any  improve- 
ments which  another  works  out.  The  result  of  this  must  inevitably 
be  that  these  western  technical  schools  will,  in  a  very  short  time,  take 
the  lead  of  all  schools  of  the  kind  in  the  country,  and  in  the  world. 

An  educational  institution,  when  left  to  its  own  management,  that 
is.  to  the  management  of  its  Professors,  very  soon  becomes  ossified 
or  moribund.  These  state  institutions,  being  dependent  upon  the 
good  will  of  the  people,  are  compelled  to  make  a  strong  effort  to 
keep  in  close  touch  with  the  times. 

The  paper  is  now  open  for  discussion. 

Mr.  Andrews  Allen,  m.w.s.e.  :  It  is  hardly  fair  to  call  upon  a  bridge 
engineer  to  discuss  hydraulics.  The  only  use  that  he  can  see  in  water 
is  to  build  bridges  over  or  occasionally  to  drink. 

I  had  the  pleasure  of  going  through  the  Hydraulic  Laboratory  of 
the  University  of  Wisconsin  about  a  year. and  a  half  ago,  when  the 
building  was  in  an  incomplete  state,  and  was  very  much  interested 
in  the  preparations  being  made  for  experimental  work.  It  seems  to 
me  that  the  intimate  connection  of  the  Western  State  Universities, 
with  the  industrial  development  of  their  states,  makes  this  experi- 
mental work  of  immense  importance. 

As  our  President  said  a  moment  ago,  the  colleges  that  depend  for 
their  income  on  the  good  will  of  the  state  must  give  full  measure 
of  results  in  return.  The  investigations  and  experiments  are  directed 
to  the  commercial  needs  of  the  state,  and  the  results  are  accessible 
to  every  one.  When  the  experiments  are  conducted  by  individuals 
or  firms  for  their  own  commercial  advantage  the  investigator  always 
experiences  difficulty  in  obtaining  correct  iesults.  When  the  State 
University  supplies  them  they  are  open  to  all,  and  the  result  is  seen 
not  only  in  the  development  of  the  State,  whose  University  carries 
out  the  experiments,  but  in  the  spread  of  general  knowledge  and  in- 
formation. 

Then,  too,  the  intimate  connection  between  the  Professorships  in 
the  University  and  the  engineering  world  at  large  is,  to  my  mind,  a 
most  important  one.  It  used  to  be  the  idea  that  a  Professor  was  paid 
so  much  salary  for  so  many  hours'  teaching,  and  if  he  did  not  teach 
five  or  six  hours  every  day  he  was  not  earning  his  money.  In  our 
engineering  schools,  however,  a  new  idea  has  been  developed — 
namely,  that  the  heads  of  the  departments  must  be  intimately  con- 
nected with  the  engineering  world  all  the  time.    They  cannot  take 
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their  former  experience  and  sit  down  and  teach  the  boys  the  rest  of 
their  lives ;  they  must  keep  in  touch  with  the  world  and  bring  the 
results  of  their  own  professional  work  into  the  classes,  and  the  re- 
sults of  class  work  into  their  profession.  It  works  both  ways,  and 
both  the  commercial  and  the  educational  sides  of  engineering-  are 
profiting  thereby. 

Last  year  the  State  Legislature  "investigated"  the  University  and 
reported  upon  certain  "charges"  among  which  was  the  "charge"  that 
certain  professors  were  devoting  too  much  time  to  outside  work.  It 
speaks  well  for  the  intelligence  and  progessive  spirit  of  the  Legisla- 
ture of  Wisconsin  to  say  that  the  verdict  was  favorable  in  every  way 
to  the  policy  as  outlined  above. 

I  graduated  at  Madison  about  sixteen  years  ago.  When  I  was 
there  we  had  a  Professor  of  Civil  Engineering,  a  Professor  of  Me- 
chanical Engineering,  and  a  few  instructors  and  assistant  Professors. 
I  must  say  that  I  got  most  of  my  engineering  education  after  I  left 
college.  When  Frof.  Mead  read  the  list  of  Departments  with  full 
Professors  in  charge  of  each,  I  could  scarcely  realize  what  great 
changes  had  come  about  in  such  a  short  period  of  time.  The  west- 
ern engineering  school  has  certainly  come  into  its  own. 

Mr.  H.  W.  Carter,  m.w.s.e.  :  How  many  of  the  engineering 
schools  in  this  country  are  there  that  have  any  hydraulic  laboratory 
at  all? 

Prof.  Mead:  I  think  most  of  the  schools  have  something  in  the 
way  of  a  hydraulic  laboratory,  but  most  of  the  laboratories  are  com- 
paratively small.  Three  years  ago,  when  I  began  my  work  at  the 
University  of  Wisconsin,  the  laboratory  was  in  one  corner  of  the 
regular  testing  laboratory,  the  space  occupied  being  about  16  feet 
square.  We  had  a  small  hydraulic  ram,  a  2  in.  centrifugal  pump, 
friction  experiments  were  made  on  flow  in  2  in.  pipe,  the  largest  weir 
was  about  4  in.  wide ;  and  everything  was  of  small  proportions.  To 
a  great  extent  this  is  true  of  the  hydraulic  laboratories  of  many  of 
the  engineering  schools.  The  University  of  Illinois  has  quite  a  large 
laboratory  which  has  been  constructed  within  the  last  few  years. 
Cornell  has  an  ideal  location  with  an  expensive  long  flume  and  with 
a  building  constructed  at  its  lower  end.  The  opportunities  are  very 
great,  but  they  have  not  had  the  money,  I  understand,  to  go  ahead 
and  do  verv  much  with  the  laboratory,  and  so  far,  I  think,  the  use  to 
which  it  has  been  put  has  been  very  limited.  A  number  of  experi- 
ments were  made  for  the  engineers  of  the  Deep  Waterway  Commis- 
sion which  were  very  valuable. 

The  opportunities  at  Madison  are  great,  and  we  hope  to  show  con- 
siderable developments  in  the  future.  Of  course  the  work  in  even- 
laboratory  should  be  confined  to  those  lines  to  which  it  is  particularly 
adapted.  Our  work  must  be  under  a  low  head.  At  Cornell  the  op- 
portunities for  high  head  experiments  are  good.  There  are  some 
Universities  where  there  is  very  little  opportunity  for  this  class  of 
work. 
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Mr.  E.  E.  R.  Tratmau,  m.w.S-e. :  It  seems  to  me  that  the  impor- 
tant feature  of  Mr.  Mead's  system  of  instruction  is  in  its  object  of 
showing  to  the  student  the  practical  application  of  theories  and  prin- 
ciples. It  is  not  a  difficult  matter  to  teach  principles,  or  for  a  student 
to  comprehend  them  in  the  abstract.  The  difficulty  comes  when  a 
problem  is  encountered,  and  it  is  necessary  to  realize  what  laws  or 
principles  are  involved  and  how  they  are  related  to  the  problem  and 
to  each  other.  This  is  the  sort  of  knowledge  which  the  engineering 
graduate  has  to  acquire  very  largely  by  "trial  and  error"  after  he 
enters  practical  life.  But  it  is  quite  possible  so  to  instruct  him  during 
his  college  career  that  he  will  be  better  fitted  to  see  the  relations  of 
theory  and  principles  to  practical  problems,  and  so  be  better  able  to 
use  his  engineering  knowledge  as  a  working  tool.  In  engineering 
education,  the  principles  are  very  much  the  same  as  those  which  the 
student  has  already  encountered  in  his  school  days  when  learning 
arithmetic.  This  is  based  on  simple  rules  of  addition,  subtraction, 
multiplication,  division,  etc.,  all  of  which  are  easily  understood.  But 
the  difficulty  comes  when  the  text  book  or  the  teacher  presents  a 
problem  to  be  worked  out.  Then  the  student  has  to  decide  for  him- 
self what  rules  are  to  be  followed,  and  has  to  analyze  the  problem 
for  himself  to  see  the  relation  of  the  figures  to  each  other  and  to  de- 
cide which  of  these  figures  are  to  be  added,  divided,  subtracted  or 
multiplied.  Some  students  may  work  at  it  by  guesswork,  or  others 
make  a  more  or  less  blundering  attempt  at  solution,  but  the  boy  who 
gets  the  correct  result  will  be  the  one  who  can  see  for  himself  how 
the  several  figures  or  items  are  related  and  how  they  are  to  be  used 
as  parts  of  a  whole.  It  is  the  same  in  engineering  problems.  The 
student  must  know  how  to  apply  the  laws  which  have  been  taught 
him  in  the  schools.  The  laws  and  principles  themselves  are  of  the 
most  importance,  but  the  knowledge  of  how  to  use  them  as  working 
tools  of  theory  to  accomplish  a  work  of  practice  is  probably  of  even 
greater  importance.  And  it  is  this  knowledge  which  Mr.  Mead  aims 
at  giving  to  his  students. 

Mr.  P.  Jiuikcrsfdd,  m.w.s.e.  :  In  listening  to  the  remarks  made 
by  Prof.  Mead  I  was  reminded  of  the  need  of  accurate  information 
on  pumps.  I  refer  particularly  to  high  pressure  rotary  fire  pumps, 
on  which  there  seems  to  be  a  great  lack  of  accurate  information.  I 
know  of  a  case  where  a  first  class  manufacturer  furnished  a  six-stage 
pump  which  fully  met  all  the  specifications  of  the  contract.  He  also 
furnished  two-stage  pumps  which  fully  met  the  specifications  of  sev- 
eral other  contracts.  But  the  same  manufacturer  attempted  to  build 
a  four-stage  pump  of  similar  design,  and  it  failed  absolutely  to  come 
anywhere  near  filling  the  specifications  of  the  contract,  and  yet  it 
was  made  by  a  manufacturer  with  a  great  deal  of  experience.  The 
art  of  building  pumps  is  not  new  and  ought  to  be  pretty  well  under- 
stood, but  apparently  it  is  not.  This  is  simply  one  instance  which 
emphasizes  the  fact  that  there  is  a  great  deal  to  be  learned  about 
rotary  pumps,  and  some  of  Prof.  Mead's  investigations  will  probably 
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?oa  long  ways  toward  disseminating  more  definite  information. 

Mr.  A.  F.  Owen,  m.w.s.i:.  :     To  what  extent  do  the  students  take 
up  more  than  one  branch  of  engineering  at  Madison? 

Prof.  Mead:  There  is  no  course  in  hydraulic  engineering  at  the 
University.  There  is  a  course  in  Civil.  Mechanical.  Electrical,  Chi 
ical,  Sanitary  engineering,  and  General  engineering.  In  each 
these  courses  certain  studies  are  required  and  the  required  stn>. 
vary  with  the  nature  of  the  course,  but  in  all  courses  there  is  a  cer- 
tain amount  of  hydraulic  work  required.  As  a  general  thing,  he 
sides  theoretical  hydraulics  and  elementary  work  in  the  hydraulic 
laboratory,  all  students  are  required  to.  take  at  least  one  additional 
course  in  hydraulic  engineering,  which  may  he  water-power,  hy- 
draulic machinery,  or  some  other  line  particularly  adapted  to  the 
needs  of  the  student.  At  the  present  time  the  students  in  Electrical 
Engineering  are  required  to  take  a  course  in  water-power  engineer- 
ing. Considerable  work  is  elective,  and  1  think  the  interest  the  stu- 
dents take  in  hydraulic  work  is  very  well  illustrated  by  the  number 
that  enter  the  classes  in  hydraulic  machinery  and  other  elective  sub- 
jects. Last  year  we  had  in  the  Senior  class  about  125  students; 
of  these  about  75  took  the  elective  work  in  hydraulic  machinery. 
The  students  seem  much  interested  in  the  lecturers  who  occasionally 
come  from  outside  the  University — much  interested  in  men  in  touch 
with  practice— and  we  found  in  practical  elective  subjects  that  there 
is  no  difficulty  in  keeping  the  attention  of  the  students,  because  they 
know  we  are  discussing  something  practical,  and  going  into  it  from 
the  practical  standpoint. 

H.  W.  Carter,  m.w.s.e.  (by  letter)  :  Prof.  Mead's  paper  makes  it 
evident  that  the  University  of  Wisconsin  occupies  the  very  front  rank 
in  its  work  of  instruction  in  hydraulic  engineering.  There  are  few- 
schools  whose  hydraulic  equipment  are  at  all  comparable  with  that 
of  Wisconsin,  as  described  by  Prof.  Mead,  hi  this  connection,  hi 
ever,  the  hvdraulic  testing  laboratory  of  the  Polytechnic  Institute  at 
Worcester."  Massachusetts,  is  noteworthy.  On  visiting  the  Institute 
last  year,  I  found  it  one  of  the  most  interesting  developments  of  that 
school  since  my  time,  and  by  the  courtesy  of  Prof.  Charles  M.  Allen. 
Prof,  of  Experimental  Engineering  there,  am  able  to  give  the  fol- 
lowing facts  with  regard  to  it : 

"The   main    Hydraulic   Testing   Laboratory    of   the    Worcester    Wechnic 
Institute   was   installed   in    1805   on   a   water   pri  ™nutes 

ride  from  the  Institute  on  the  Worcester  &    Holder 

"The  Institute  owns  and  controls  the  entire  pri  storage 

pond  of  some  400  acres,  with  an  available  head  ot  ah  -     "m s  princi- 

pal apparatus  is  located  in  a  one-story  building  with  a  basement, 
altogether  about  4,000  sq.  ft.  of  floor  space. 

"Water  is  conducted  to  the  plant  through  a  40-in. 
ft.  in  length  between  the  head  gate  and   the  bu  I-  ''"     ' .. 

gradual  slope  and  is  equipped  with  piezom. 
either  end.     A  36-in.  Venturi  meter  i 
of  the  building  giving  a  means  of  measuring  the  wat.  1 
the  turbine. 
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"An  18-in.  Hercules  horizontal  turbine  with  a  12-ft.  draft  tube  furnishing 
about  80  h.  p.  is  available  for  various  experimental  purposes,  such  as  power 
and  efficiency  tests.  The  turbine,  after  being  carefully  rated  by  an  Alden 
absorption  dynamometer  mounted  on  its  shaft,  can  be  used  as  a  transmission 
dynamometer  to  drive  pumps  and  machines  of  all  kinds  to  determine  their 
efficiency. 

"The  turbine  discharges  into  the  weir  flume"  in  the  basement.  At  the  lower 
end  is  located  a  standard  10-ft.  weir  with  end  contraction.  The  weir  flume 
is  60  ft.  long  by  16  ft.  wide  with  a  depth  of  3.5  ft.  below  the  crest  of  the 
weir.  It  has  a  smooth  plank  bottom  and  is  enclosed  with  brick  walls.  There 
are  two  sets  of  hookguage  tanks  set  flush  with  the  brick  walls  and  extending 
down  to  the  bottom  of  the  flume.  The  length  of  weir  is  adjustable  from 
16  ft.  without  end  contractions  to  as  small  as  desired  with  end  contractions. 

"The  36-in.  Venturi  meter  above  referred  to  has  the  up-stream  throat  and 
down  stream  piezometer  rings  connected  with  i-in.  piping  to  44 -in.  glass  tubes 
located  in  the  tower  of  the  building.  The  up-stream  and  throat  rings  are 
piped  to  the  automatic  recorder  furnished  with  the  meter.  Piezomeer  tubes 
and  water  gauges  for  showing  the  heads  on  the  various  pieces  of  apparatus 
are  also  located  in  this  tower,  which  rises  a  few  feet  above  the  level  of  the 
pond. 

"The  Venturi  meter  discharges  into  the  casing  of  the  turbine  and  also  into 
a  12-in.  Union  water  meter.  Taper  blanks  and  rings  are  inserted  in  each 
line,  taking  the  place  of  large  valves,  and  are  found  to  be  very  satisfactory. 

"A  graduated  gauge  showing  the  turbine  gate  opening  protrudes  through 
a  stuffing  box  on  the  casing,  and  a  mercury  gauge  to  show  pressures  at 
various  points  on  the  draft  tube  is  located  nearby.  On  one  end  of  the  turbine 
shaft  is  a  revolution  counter  manipulated  by^a  positive  clutch  drive  and  on 
the  other  end  is  the  Alden  absorption  dynamometer. 

"Water  under  pressure  is  furnished  the  dynamometer  by  a  4-in.  Gould 
hydraulic  ram  or  by  a  small  Dean  triplex  power  pump  driven  by  a  36-in. 
Pelton  water  wheel,  both  situated  in  the  basement  of  the  laboratory. 

"When  running  power  and  efficiency  tests  on  pumps,  etc.,  requiring  the 
entire  power  of  the  turbine,  the  load  absorbed  by  the  dynamometer  is  re- 
duced to  a  minimum  by  attaching  a  draft  tube  to  the  water  exhaust,  thereby 
creating  a  partial  vacuum  in  the  dynamometer  and  thus  diminishing  the 
friction  on  the  revolving  discs.  In  this  way  the  actual  power  absorbed  by 
dynamometer  can  be  reduced  to  0.3  h.  p.  at  100  r.  p.  m. 

"There  are  three  kinds  of  turbine  governors  at  command  and  these  are 
used  primarily  for  illustrative  and  experimental  purposes.  The  Snow  and 
the  Improved  Lombard,  built  by  the  Holvoke  Machine  Co.,  of  Worcester, 
and  the  Replogle  governor,  built  by  the  Replogle  Governor  Works,  Akron, 
Ohio,  make  up  the  present  installation.  The  unit  is  especially  fitted  for  ex- 
perimental work  upon  turbine  speed  regulation  on  account  of  the  long  pen- 
stock effect  and  the  means  of  easily  and  quickly  changing  the  load  on  the 
turbine  from  maximum  to  minimum,  also  by  the  effect  of  a  fly  wheel  on  the 
turbine  shaft.  The  plant  is  already  equipped  with  electricity,  and  arrange- 
ments have  been  made  to  install  a  new  form  of  electrically  controlled  turbine 
governor. 

"A  four-stage  centrifugal  pump,  built  by  the  Buffalo  Forge  Co.,  was  arranged 
for  testing  in  the  manner  described  above.  The  discharge  from  the  pump  can 
either  be  measured  in  the  50,000-lb.  weighing  tank  or  by  means  of  a  standard 
weir  in  a  flume  situated  nearby.  The  pump  discharges  into  a  pressure  tank 
on  which  is  a  standard  guage  which  gives  the  head  pumped  against.  The 
supply  to  the  pump  is  arranged  so  that  a  negative  head  from  30-ft.  to  zero 
can  be  easily  obtained  by  throttling.  The  mercury  guage  connecting  this 
line  gives  the  actual  head.  There  is  also  a  pipe  line  connecting  the  main 
line  which  comes  from  the  reservoir  to  the  supply,  which  pipe  gives  a  means 
for  getting  a  positive  pressure  on  the  suction  end. 
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"This  pump  is  intended  to  furnish  water  under  various  heads  to  thi 
Pelton  wheel  situated  just  outside  of  the  building  on  a  level  with  the  base- 
ment. The  normal  head  from  the  pond  ordinarily  operates  the  Pelton  wheel, 
and  it  not  only  furnishes  sufficient  power  to  drive"  a  small  Dean  triplex  powcr 
pump,  but  also  gives  a  means  of  illustrating  to  the  students  a  few  fundamental 
principles  in  hydraulics.  For  this  purpose  the  casing  of  the  wheel  is  removed 
and  a  brake  applied  to  the  rim  of  the  pullev  on  the  shaft,  so  that  tl 
can  be  varied  from  zero  to  maximum,  and  in  this  way  the  best  speed  of  the 
buckets  is  shown  to  be  about  half  the  velocity  of  the  water  issuing  from  the 
nozzle. 

"The  discharge  from  the  Pelton  wheel  drops  into  a  small  flume,  at  the 
farther  end  of  which  is  a  standard  weir  with  end  contractions.  A  small 
Alden  absorption  dynamometer  is  placed  on  the  Pelton  wheel  shaft  and  in 
this  manner  power  and  efficiency  tests  can  easily  be  made. 

"The  low  head  turbine  and  the  high  head  Pelton  wheel  furnish  examples 
of  both  the  Eastern  and  Pacific  Coast  tvpes  of  power  installations.  The 
efficiency  of  both,  including  the  power  lost  in  transmission,  are  easily  obtained. 

"There  is  a  set  of  weir  flumes  designed  to  be  used  in  connection  with 
calibrating  the  large  standard  weir.  These  flumes  are  3  ft.  wide,  14  ft.  long, 
and  1  ft.  below  the  crest  of  the  weir  and  are  without  end  contractions.  The 
flumes  are  carefully  calibrated  by  means  of  the  large  weighing  tank  and  are 
then  placed  in  parallel,  all  discharging  into  the  large  flume,  and  in  this  way 
a  means  is  given  to  check  the  large  standard  weir. 

"A  Price  current  meter  is  used  for  experimental  purposes  in  determining 
the  flow  of  the  stream  below  the  plant.  The  quantity  passing  a  given  point 
in  the  stream  is  known,  as  it  has  passed  over  the  standard  weir,  and  in  this 
wav  a  good  check  is  given  on  the  tests  made  by  means  of  the  current  meter. 

"There  is  also  installed  in  the  plant  a  turbine  flow  recorder  which  auto- 
matically registers  the  amount  of  water  going  through  the  wheel  both  for  a 
variable  gate  opening  and  for  a  variable  head.  The  recorder  was  designed 
on  the  basis  of  the  tests  of  the  turbine  at  the  Holyoke  testing  flume,  and  the 
results  seem  to  check  very  closely  with  those  found  after  its  installation  in 
this  plant,  although  the  conditions  are  somewhat  different.  For  instance,  this 
turbine  was  tested  in  Holyoke  on  a  vertical  shaft  and  under  the  head  of 
about  16  ft.  It  is  now  installed  on  a  horizontal  shaft,  with  a  12-ft.  draft  tube 
and  under  a-  head  of  about  ,30  ft.,  and  vet  the  discharge  as  computed  from 
the  Holyoke  tests  does  not  vary  at  half  gate  more  than  1  per  cent.,  and  at 
0.9  and  full  gate  about  0.3  per  cent. 

"There  are  five  distinct  means  of  measuring  the  water  passing  through  the 
plant,  the  pitometer  in  the  pipe  line,  the  Venturi  meter,  the  turbine  flow 
recorder  which  was  based  upon  the  Holyoke  flume  tests,  the  current  meter 
situated  in  the  weir  flume,  or  in  the  stream  below,  and  the  standard  weir. 

'Within  the  next  year,  we  expect  to  have  installed  a  high  speed  turbine 
made  by  the  S.  Morgan  Smith  Co.,  of  York,  Pa.  This  is  to  be  so  placed 
that  it  can  run  in  connection  with  the  Hercules.  This  new  wheel  will  be 
direct  connected  to  an  electric  generator  of  the  proper  current  and  voltage 
so  that  we  can  supply  electricity  to  the  Worcester  S:  Holden  Railway,  when- 
ever we  desire  to  do  so  for  testing  purposes.  Our  idea  is  to  have  a  plant 
under  actual  operation  furnishing  a  load  variable  and  otherwise  so  that  we 
can  study  the  action  of  various  styles  of  water  wheel  governors  under  all 
kinds  of  conditions.  I  might  add  that  in  connection  with  this,  the  Electrical 
Department  now  has  a  testing  car  which  can  be  operated  on  any  of  the  lines 
in  this  vicinity  and  that  work  can  be  conducted  at  the  same  time  we  are 
furnishing  power  to  the  road." 

With  regard  to  the  method  of  instruction  in  vogue  at  Worcester, 
Prof.  Allen  writes  as  follows : 

"I  have  read  with  interest  the  paper  by  Prof.  Mend,  describing  the  course 
in  Hydraulic  Engineering  given  in  the  University  of  Wisconsin, 
the  most  part  with  his  method  of  teaching  the  subject,  namely:  By  the  use 
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of  experiment  and  illustration  of  hydraulic  phenomena  in  the  lecture  room. 
He  makes  a  statement  that  'so  far  as  he  is  informed  in  all  other  technical 
institutions,  the  theoretical  discussion  of  hvdraulic  principles  is  practically 
separate  and  distinct  from  any  demonstration  in  the  laboratory  or  other 
illustrative  work.'  As  a  matter  of  information  and  interest  to  you,  the  method 
which  he  describes  has  been  in  use  at  Worcester  for  a  good  many  years.  We 
have  in  our  lecture  room  a  table  especially  fitted  for  hydraulic  experiments 
of  all  kinds.  For  instance,  we  have  a  oipe  line  of  various  sizes  with  various 
fittings,  some  20  feet  long  on  the  front  portion  of  the  table  so  fitted  with 
piezometer  glass  tubes  that  the  hvdraulic  gradient  can  be  readily  seen  by 
the  students  for  a  variety  of  conditions.  We  also  have  orifice  work,  hydraulic 
ram  with  glass  parts  so  that  the  action  may  be  readily  seen,  also  a  small  6-in. 
turbine  with  a  glass  penstock  and  draft  tube  with  a  band  brake  for  con- 
trolling the  speed,  etc.  At  the  hydraulic  laboratory,  you  will  notice  we  have 
a  large  variety  of  apparatus  all  of  which  is  of  commercial  size  and  working 
under  practical  and  commercial  conditions,  all  of  which  was  installed  with 
the  idea  not  only  of  testing  for  efficiency,  capacity,  etc.,  but  also  for  in- 
spection and  illustrative  purposes  with  the  various  classes.  For  instance,  the 
Pelton  wheel  is  so  arranged  that  the  best  speed  can  readily  be  seen  by  using 
the  brake  properly. 

"It  has  been  my  privilege  to  teach  Hvdraulics  both  theoretical  and  labora- 
tory work  for  the  last  twelve  years,  and  as  I  said  before,  we  interweave  the 
two  in  such  a  manner  as  to  get,  in  our  opinion,  the  best  results.  I  am  allowed 
a  certain  portiort  of  my  time  for  outside  engineering  work,  and  a  large  part 
of  it  for  the  last  few  years  has  been  along  hvdraulic  lines.  We  have  developed 
the  Alden  Dynamometer  for  use  in  large  power  testing,  and  I  have  made  a 
large  number  of  tests  reaching  as  high  as  4.000  h.  p.  per  unit,  making  both 
power  and  efficiency  tests  on  a  large  scale.  I  will  enclose  a  pamphlet  describ- 
ing this  sort  of  work,  which  I  think  may  interest  you. 

"My  reason  for  making  these  last  few  statements  is  to  let  you  know  that 
we  also  believe  in  bringing  to  the  class  room  experience  gained  along  practi- 
cal lines. 

"We  give  our  students  as  much  time  as  we  can  at  the  Hydraulic  Testing 
Laboratory,  also  making  one  or  two  trips  with  them  to  the  Holyoke  Testing 
Flum'e  and  various  water  powers  in  Holyoke.  or  taking  them  to  Lowell  to 
the  Locks  and  Canals." 

CLOSURE. 

Prof.  Mead:  I  have  been  quite  anxious  to  present  this  matter  in 
such  a  way  that  it  would  receive  some  discussion  and  criticism  from 
engineers  who  are  interested  in  hydraulics,  because  I  recognize  that 
an  engineer,  going  from  actual  practice  into  the  work  of  an  Instruc- 
tor, is  very  apt  to  get  the  wrong  perspective.  It  is  readily  realized 
that  the  standpoints  are  quite  different.  The  man  stepping  from 
practice  to  college  work  is  apt  to  see  matter  too  much  from  the  prac- 
tical standpoint.  On  the  other  hand  the  man  who  is  spending  his 
entire  time  in  college,  on  theoretically  work,  is  apt  to  teach  a  great 
many  things  that  might  perhaps  better  remain  out  of  the  curriculum 
of  a  university.  We  all  realize  that  theory  is  the  proper  foundation, 
but  theory  without  practice  is  as  bad  as  practice  without  theory.  It 
is  the  use  of  the  theory — as  Mr.  Tratman  has  said — the  application 
or  the  ability  to  apply,  which  makes  a  man's  education  a  help  to  him. 
The  principle  of  all  engineering  matters  must  be  the  foundation  upon 
which  the  practice  rests,  but  I  do  not  think  it  should  stand  in  the  way 
of  the  full  knowledge  of  its  application.  It  is  only  by  the  joining  of 
the  two  that  the  best  results  can  be  obtained. 
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The  transmission  of  Electrical  Energy  from  the  several  power 
plants  of  the  Commonwealth  Edison  Company  to  the  various  sub- 
stations has  made  necessary  the  construction  of  a  number  of  tunnels 
under  the  Chicago  River  for  cable  conduits  and  it  is  the  purpose  of 
this  paper  to  describe  the  methods  of  construction  and  some  of  the 
interesting  features  pertaining  to  them. 

Up  to  the  present  time  there  have  been  constructed  six  tunnels ; 
the  first  one,  the  old  Harrison  street  tunnel,  was  built  in  1893.  This 
tunnel  was  not  built  deep  enough,  as  was  shown  afterward  when  the 
contractor  for  the  Union  Loop  power  house  which  was  built  close 
to  the  east  shaft  of  the  tunnel  drove  a  foundation  pile  through  the 
roof  of  the  tunnel.  The  damage,  however,  was  not  serious,  as  the 
material  above  the  tunnel  was  good  hard  clay,  and  only  a  small  quan- 
tity came  through  with  the  pile.  Repairs  were  made  by  cutting  off 
the  18  inches  of  the  pile  which  projected  into  the  tunnel  and  then 
bricking  up  the  opening. 

After  the  Harrison  Street  tunnel  was  built,  several  armoured  sub- 
marine cables  were  installed  at  various  points  in  the  bed  of  the  river. 
These  cables  were  fairly  satisfactory,  although  we  have  had  several 
cases,  where  a  dredging  machine  has  picked  up  the  cable,  causing 
some  inconvenience  but  no  serious  damage. 

When  it  is  necessary  to  install  a  number  of  cables  across  the  river 
at  any  point,  the  natural  question  is  as  to  the  most  economical 
method:  The  distance  between  building  lines  is  too  small  to  permit 
of  sufficient  space  between  the  cables,  and  a  short  circuit  or  fire  on 
one  would  affect  adjoining  cables,  as  the  water  would  not  afford 
protection  from  the  current.  Where  sixteen  cables  or  less  are  to 
be  installed  it  can  be  done  more  cheaply  by  the  submarine  method. 
More  than  sixteen  cables  can  be  installed  more  cheaply  in  a  tunnel. 

The  following  table  gives  the  principal  data  of  the  Company's  tun- 
nels at  this  time: 
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Fig.  i.     Location  of  Tunnels. 
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It  has,  therefore,  been  found  advisable  to  build  five  tunnels  since 
1903.  A  general  map  of  the  city,  Fig.  1,  shows  their  location  and 
the  principal  conduit  lines  connecting  the  stations  and  substations 
All  of  these  tunnels  were  built  of  concrete  while  the  Harrison  Street 
tunnel  was  built  of  brick. 

The  cost  of  the  tunnels  varies  from  $13.00  to  $24.00  per  lineal 
foot,  for  the  clay  and  $48.00  per  foot  for  the  rock  tunnel.  The  cost 
of  the  shafts  varies  from  $33.00  to  $56.00  per  foot,  for  the  clay  tun- 
nels, and  $64.00  per  foot  for  the  rock  tunnel. 

The  general  description  of  the  clay  tunnels  will  be  given  followed 
by  that  of  the  rock  tunnel.  In  selecting  locations  for  shafts  and  tun- 
nel, the  location  of  existing  tunnels  of  the  city  or  other  corporations, 
and  information  regarding  all  other  existing  structures,  is  obtained 
at  the  City  Hall  and  is  incorporated  in  the  preliminary  plans.  A 
permit  for  borings  is  secured  from  the  Street  Department  of  the  City, 
and  at  least  one  boring  is  made  as  near  as  may  be  in  the  center  of 
each  of  the  proposed  shafts. 

A  permit  from  the  Commissioner  of  Public  Works  is  obtained  and 
plans  filed  in  the  City  Hall  having  the  approval  of  the  City  Engineer. 
An  inspector  representing  the  city  is  sent  on  the  work  and  remains 
until  it  is  finished.  He  makes  a  daily  report  of  the  progress  of  the 
work  to  the  City  Engineer.  A  permit  from  the  War  Department 
is  obtained  and  monthly  reports  are  sent  to  the  Chicago  office  of  the 
United  States  Engineers. 

In  looking  for  existing  information  regarding  borings  for  artesian 
wells  near  Clybourn  Place,  we  found  that  the  Henning  Pickle  Co. 
had  struck  rock  at  93  feet  below  datum  in  drilling  for  a  well  at 
Wabansia  Ave.  and  McHenry  street,  about  one  half  mile  south  of 
Clybourn  Place ;  the  Loesser  Can  Factory  had  found  rock  at  a  depth 
of  90  feet  at  Elston  Ave.  and  Webster  St.,  about  one  half  mile 
north  of  Clybourn  Place.  The  Illinois  Steel  Company  whose  plant 
is  about  1,000  feet  south  of  Clybourn  Place  claim  to  have  found  rock 
at  105  feet.  As  the  first  two  borings  were  about  the  same  we  ex- 
pected to  find  rock  at  about  90  feet,  but  at  a  depth  of  70  feet,  so 
much  water  was  encountered  with  the  sand  that  we  could  not  go 
deeper  without  an  outside  casing.  We,  therefore,  stopped  the  borings 
at  this  point.  In  Fig.  2  the  borings  of  the  tunnel  are  shown  with 
the  preliminarv  plan. 

In  general,  if  a  stratum  of  clay  is  found  at  the  proper  depth,  suffi- 
cient in  height  to  permit  the  tunnel  to  be  built,  the  result  is  generally 
a  dry  tunnel.  Where  gravel  and  sand  strata  are  encountered  much 
trouble  from  water  results.  If  sufficient  hard  ground  is  not  found 
between  the  bed  of  the  river  and  rock  the  tunnel  must  then  be  built 
in  rock.  In  order  to  avoid  foundation  piles,  a  depth  of  50  or  55  ft. 
to  the  top  of  the  tunnel  is  always  desirable  at  sites  where  a  new 
bridge  is  to  be  built. 

After  deciding  as  far  as  possible  upon  the  location  and  depth  ot 
the  tunnel,  preliminary  plans  and  specifications  are  drawn  up,  the  con- 
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Fig.  2.     Clybourn  Place  Tunnel. 
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tract  is  let,  and  the  contractor  erects  his  derrick  and  begins  excava- 
tion of  one  of  the  shafts,  usually  the  one  which  is  to  be  the  deeper, 
in  order  to  drain  the  water  from  the  drift.  Fig.  3  shows  the  derrick 
at  Washington  Street. 


Fig.  3.     Washington  St.  E.  Shaft.  Derrick. 

In  good  clay,  the  digging  of  the  shaft  is  carried  on  by  the  use  of 
iron  rings  24  in-  by  3  in.,  back  of  which  pine  lagging,  2  in.  by  6  in. 
by  4  ft.  long  is  placed.  The  rings  are  securely  boltcl  where  the  two 
halves  join.  In  Fig.  4,  a  shaft  is  shown  excavated  to  a  depth  of 
about  45  ft.  below  datum.  The  progress  in  excavating  the  shaft  is 
from  10  to  20  ft.  per  day  according  to  the  hardness  of  the  digging. 
When  the  shaft  is  excavated  to  the  proper  depth,  an  inside  drum  is 
placed  at  the  bottom  of  such  diameter  as  to  leave  an  annular  space 
of  15  in.  for  the  concrete.  The  concrete  is  filled  in  in  layers  of  8  in. 
to  1  ft.  and  then  thoroughly  tamped.  Other  drums  4  ft.  in  he 
are  added  as  the  concreting  progresses,  until  the  top  is  reached.  Gen- 
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Clybourn  Place,  Shaft  and  Excavation. 


erally  the  lagging  and  rings  are  removed  as  the  drums  are  placed. 
The  concreting  in  shafts  is  done  at  the  rate  of  about  20  ft.  to  30  ft. 
per  day  of  24  hours.  Boxes  are  imbedded  in  the  concrete  at  intervals 
for  the  angle  irons  used  to  support  the  conduit  and  also  for  the  ladder 
straps.  Figs.  5  and  6  show  the  shafts  concreted  before  and  after  the 
removal  of  the  drums,  which  are  allowed  to  remain  three  or  four  days. 
In  Fig.  7  is  shown  a  shaft  in  which  an  elevator  is  used  instead  of 
buckets.  This  method  is  more  advantageous  as  the  car  of  clay  can 
be  shoved  on  to  the  elevator  during  excavation  and  hoisted.  The 
concrete  can  be  mixed  at  any  convenient  place  and  transferred  to  the 
elevator  and  lowered  in  cars.  ■  Angle  irons  for  supporting  the  conduit 
3  in.  by  3  in.  by  .y8  in.,  galvanized,  are  built  into  the  concrete.  A  gal- 
vanized iron  ladder  is  also  built  in  both  shafts,  and  secured  by  straps 
securely  imbedded  in  the  concrete.  The  plastering  used  on  shafts  and 
tunnel  is  composed  of  one  part  cement  and  one  part  of  powdered 
stone  or  fine  sand.  The  mortar  is  applied  to  the  thickness  of  about 
1/2  in.,  and  in  leaky  spots  soda  ash  and  plaster  of  Paris  are  used  with 
fair  success. 
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The  tunnel  is  generally  begun  when  the  first  shaft  has  been  sunk 
deep  enough.  Where  the  ground  is  good  stiff  clay  or  dry  sand  and 
clay,  the  material  holds  up  sufficiently  well  to  enable  12  ft.  to  16  ft. 
to  be  excavated  before  concreting.  This  can  be  dug  in  two  shifts  of 
eight  hours  and  concreted  on  the  third  shift.  In  case  large  boulders 
or  hard  pan  are  struck  blasting  is  resorted  to  in  order  to  loosen  up 
the  mass  for  easier  excavation. 

The  alignment  of  the  tunnel  is  obtained  by  dropping  a  fine  line  on 
each  side  of  the  shaft  on  the  center  line  of  the  tunnel.  A  transit  is 
set  up  in  the  tunnel  some  distance  from  the  shaft  and  set  on  line  of 
the  two  lines  in  the  shaft.  By  reversing,  points  are  set  ahead  as 
needed.  Where  there  are  obstacles  on  the  center  line  on  the  surface 
of  the  street,  offsets  are  taken  from  the  true  center  line.  When  ang 
have  to  be  made,  the  same  are  measured  on  the  surface  and  laid  off  in 
the  tunnel  at  the  proper  distances  from  the  center  of  the  shaft.  In 
Fig.  8  is  shown  the  excavation  in  Clybourn  Place  tunnel  where  it 
strikes  the  west  shaft  which  had  to  be  Concreted  several  weeks  before 
the  tunnel  was  built.    This  will  be  referred  to  later. 

The  forms  for  concreting  the  tunnel  are  either  wood  or  steel ;  2 
in.  by  6  in.  lagging  is  placed  around  the  forms  as  the  concreting  is 
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done.  The  forms  are  set  4  ft.  center  to  center.  The  concrete  is  gen- 
erally placed  in  six  inch  layers,  or  the  width  of  a  piece  of  lagging ; 
and  as  each  layer  of  concrete  is  placed  and  tamped,  another  piece  of 
lagging  is  added  until  the  top  or  key  is  reached,  and  then  the  concrete 
is  thoroughly  tamped  from  the  end.  In  Fig.  9  is  shown  the  tunnel 
concreted,  and  with  parts  of  the  forms  and  lagging  still  in  place. 


Fig.  6.     Clybourn  Place,  E.  Shaft,  Concreted. 

This  section  of  the  tunnel  was  on  a  curve.  Steel  forms  are  used  in 
some  cases,  this  being  an  advantage  as  it  gives  more  room  for  work. 
Fig.  10  shows  a  section  of  the  tunnel  on  the  curve  completed,  with 
four  ducts  installed ;  the  duct  nearest  the  wall  containing  a  20,000 
volt  line  to  Evanston,  installed  before  the  tunnel  was  completed.  On 
completion  a  final  survey  is  made  of  the  location  and  depth  of  the 
tunnel  and  shafts  and  records  are  filed  in  the  office. 

There  were  several  interesting  features  in  connection  with  the  clay 
tunnels  which  it  might  be  well  to  mention  before  describing  the  rock 
tunnel  at  Ouarrv  Street. 

In  the  east  shaft  of  Washington  Street  tunnel,  a  stratum  of  quick 
sand  was  reached  at  about  80  ft.  below  datum,  which  was  about  15 
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Elevator  in  Shaft— 22nd  St.   Tunnel. 


ft.  thick.  We  had  considerable  difficulty  getting  through  this  quick 
sand,  but  by  using  an  inner  caisson  built  of  timber  and  loaded  with 
concrete  and  rails  as  the  sinking  took  place,  rock  was  reached  at 
about  96  ft.  below  datum.  The  lower  20  ft.  of  the  shaft  was  then 
filled  with  concrete  and  the  tunnel  drifted,  at  about  72  ft.  below 
datum.  A  peculiar  incident  occurred  in  this  tunnel  about  a  year  ago. 
The  tunnel  always  very  dry  since  completion,  became  filled  one  night 
with  water,  coming  from  a  fire  in  the  vicinity,  flowing  into  a  manhole 
and  down  the  west  shaft.  The  pump  was  started  but  could  not  take 
care  of  the  volume  of  water  which  rose  nearly  to  the  top  of  the 
shafts.  While  rigging  up  for  another  pump  it  was  noticed  that  the 
water  had  begun  to  recede,  and  at  the  end  of  two  days  had  all  disap- 
peared Where  this  water  went,  is  a  matter  of  speculation.  The 
excavation  for  the  tunnel  was  through  hard  pan  and  boulders  as  well 
as  clay,  and  considerable  blasting  was  done  to  loosen  up  the  ma- 
terial. 

Some  difficulty  was  experienced  at  22nd  Street  tunnel,  which  was 
built  in  good  clay,  with  the  exception  of  about  50  or  75  ft.  near  the 
west  shaft,  where  a  pocket  of  quick  sand  on  the  arch  of  the  tunnel 
was  encountered.  There  was  no  indication  of  bad  material  at  the 
shafts,  good  clay  showing  down  to  about  80  ft.  below  datum.  Special 
precautions  were  taken  to  make  the  concrete  rich  at  this  point,  and 
the  tunnel  upon  completion  leaked  only  slightly.  Several  months 
after  the  tunnel  was  finished,  however,  it  completely  filled  one  night. 
Our  electric  pump  which  had  been  handling  the  water  easily  up  to 
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th's  time,  could  not  keep  ahead  of  it.  Therefore,  the  pump  was  taken 
out,  allowing  the  shafts  to  fill  to  river  level,  remaining  in  that  con- 
dition for  about  two  or  three  weeks. 

It  was  then  decided  to  make  an  attempt  to  pump  the  tunnel  out. 
This  was  done  by  pumping  down  about  15  ft.  at  a  time  and  lowering 
the  pump  until  the  tunnel  was  reached,  when  the  progress  was  neces- 
sarily slower.  In  about  a  week,  however,  the  tunnel  was  emptied  and 
an  investigation  made.  About  ten  or  twelve  leaks  varying  in  size 
from  a  pinhead  to  V->  in.  in  diameter  were  found  in  the  arch  on.  the 
ncrth  side  of  the  tunnel.  The  concrete  was  investigated  and  found 
to  be  sound  and  compact.  Considerable  jetting  of  sawdust  on  the 
outside  was  then  done  and  the  pump  kept  going  meanwhile.  Grad- 
ually the  leaks  slowed  up,  and  after  several  weeks  of  treatment,  the 
tunnel  was  practically  in  as  good  condition  as  when  completed.  The 
smaller  holes  were  cemented  up,  and  one  or  two  larger  ones  plugged, 
so  that  it  required  less  than  one  hour  pumping  per  day  to  keep  it  dry. 

As  to  the  cause  of  the  sudden  filling  of  the  tunnel  it  seems  reasona- 
ble to  suppose  that  the  Sanitary  District  in  building  a  concrete  cais- 
son foundation  12  ft.  in  diameter  which  was  sunk  to  rock  immedi- 
ately adjacent  to  our  tunnel  at  the  point  where  the  trouble  developed, 


Fig.  8.     Clybourn  Place  Tunnel,  Excavation  in  blue  clay. 
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by  opening  up  the  clay  and  hard  pan  admitted  river  pressure;  the 
water  filling  the  voids  left  by  the  removal  of  the  quick  sand  on  top 
of  the  tunnel,  found  its  way  through  the  most  pervious  parts  in  the 
concrete.  It  is  also  probable  that  during  the  process  of  pumping  out 
the  tunnel,  the  pressure  from  the  outside  carried  considerable  quan- 
tities of  material  into  the  interstices  of  the  concrete,  and  that  this 
gradual  filling  up  and  settlement  of  the  material  on  top  of  the  tunnel 
accounts  in  a  large  measure  for  the  stoppage  of  the  leaks. 


Fig.  9.     Clybourn   Place  Tunnel — Concreted. 

A  longitudinal  section  of  the  rock  tunnel  at  Quarry  Street  is  shown 
in  Fig.  11  in  which  it  will  be  seen  that  there  is  only  14  ft.  from  the 
bottom  of  the  river  to  bed  rock.  Fig.  12  shows  the  derrick  us 
which  is  of  a  different  style  from  the  derricks  used  in  clay  excavation. 
A  sliding  block  can  be  adjusted  over  any  point  of  the  shaft,  and 
when  hauled  up,  dumps  the  material  at  the  end  of  the  derrick. 

The  north  shaft  of  this  tunnel  was  started  first  and,  at  a  depth  of 
about  30  ft.  below  datum,  a  stratum  of  gravel  about  3  ft.  thick 
encountered,  through  which  a  considerable  volume  of  water  fl< 
into  the  shaft. 
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The  difficulties  encountered  in  keeping-  this  shaft  pumped  out  and 
the  method  adopted  for  carrying  on  the  work  are  shown  in  the  fol- 
lowing extract  from  my  daily  report  of  May  12th,  1904: 

"Another  boiler  and  pump  were  installed  yesterday  at  the 
north  shaft  to  pump  out  water,  which  was  about  32  ft.  deep. 
The  intention  now  is  to  pump  out  the  north  shaft  and  blast  out 
the  rock  for  about  10  ft.,  then  concrete  the  shaft  to  the  top  and 
abandon  it  temporarily,  then  sink  the  south  shaft  to  the  required 
depth,  drift  the  tunnel  across  the  river  to  the  north  shaft  and 
blast  up  the  bottom  of  the  same,  and  concrete  connection  and 
tunnel.  This  arrangement  was  agreed  upon  with  the  contractor 
yesterday." 

This  programme  was  to  enable  us  to  build  the  tunnel  and  south 
shaft  without  the  expense  of  keeping  the  north  shaft  pumped  out 
during  construction,  and  proved  to  be  the  best  method  of  doing  the 
work.  The  excavation  of  the  south  shaft  was  carried  on  by  driving 
Wakefield  sheeting  and  using  ordinary  timbering  of  12  in.  by  14  in. 
size.  Deeper  down,  8  in.  by  8  in.  braces  were  put  in  as  the  timbers 
were  inclined  to  buckle.  Figs.  13  and  14  show  this  construction;  the 
latter  view  below  the  timbering  shows  the  rock  cut  of  this  shaft,  rock 
being  reached  at  48  ft.  below  datum.  The  ordinary  method  of  using 
iron  rings  was  first  tried,  but  as  the  material  was  swelling  clay,  the 
rings  became  distorted  to  an  elliptical  shape,  and  it  was  found  neces- 
sarv  to  timber  the  shafts  as  shown. 


Fig.  10.     Clybourn  Place  Tunnel — Completed. 
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The  south  shaft  is  shown  in  the  next  view,  Fig.  15,  looking  upward, 
plastered,  with  angle  irons  and  ladder  in  place,  and  35  tile  ducts  in- 
stalled. The  cable  hanging  in  one  side  of  the  shaft  is  a  9,000  volt 
transmission  line  which  was  put  into  temporary  operation  before  the 
conduit  was  installed.    The  35  tile  ducts  are  sufficient  to  last  a  nutn- 
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ter  of  years,  although  on  account  of  new  cable  arrangements  the 
other  side  of  the  shafts  have  been  recently  filled.  The  progress  made 
in  excavating  the  shafts  was  from  10  to  20  ft  per  day  in  the  softer 
material,  and  from  3  to  5  ft.  in  the  rock.  Concreting  progressed  at 
the  rate  of  8  to  20  ft.  per  day,  according  to  the  difficulties  encoun- 
tered. As  a  rule  a  shaft  was  concreted  in  from  two  to  three  days. 
In  Fig.  16  is  shown  the  tiling  around  the  various  cables  in  the 
manhole.  These  manholes  are  usually  about  14  ft.  square  and  8  to 
10  ft.  deep,  and  are  drained  to  the  city  sewers  or  to  the  river. 


Fig.  12.     Derrick  at  Quarry  St.  Tunnel  Shaft. 

The  blasting  of  the  rock  was  carried  on  by  the  ordinary  methods. 
Rand  rock  drills  with  compressed  air,  were  used  for  drilling  the 
holes,  about  18  sticks  of  dynamite  being  used  in  each  shot.  Two  to 
three  shots  were  made  every  24  hours.  Fig.  17  shows  the  rock  blasted 
out  after  the  bottom  of  the  north  shaft  had  been  blasted  through,  thus 
letting  in  a  considerable  amount  of  water,  which  was  about  18  in. 
deep  in  the  rock  cut.  Fig.  18  shows  the  concreting  in  progress,  which 
was  started  at  the  south  shaft  and  carried  north,  the  north  shaft 
being  the  deeper  and  water  draining  toward  it.  the  grade  being  at  the 
rate  of  about  nine  in.  in  100  ft.  All  the  blasting  was  finished  before 
the  concreting  was  begun.  The  progress  in  blasting  was  from  4  to 
6  ft.  per  day.  The  rate  of  concreting  in  the  tunnel  was  12  ft.  to  24 
ft.  per  day,  according  to  the  amount  of  trimming  to  be  done.     The 
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next  view,  Fig.  19,  is  of  the  tunnel  plastered,  with  24  tile  ducts  in- 
stalled on  the  west  side  and  12  recently  installed  on  the  east  side, 
about  half  of  the  ducts  being  occupied  by  cable. 

After  the  tunnels  are  finished,  electric  pumps  are  installed  to  take 
care  of  the  water.  These  are  ordinary  centrifugal  pumps,  direct  con- 
nected to  3X2  H.  P.,  220  volt  motors  running  1,800  rev.  per  min.,  and 
with  capacities  of  50  gal.  per  min..  designed  to  operate  under  a  head 
of  80  ft  These  pumps  handled  the  water  satisfactorily  and  were  in 
use  about  two  years  when  it  was  decided  to  let  several  of  the  tun- 
nels fill  up  and  remain  flooded  until  further  cable  installations  should 
require  them  to  be  emptied.    The  object  was  to  save  the  cost  of  main- 


Fig.  13.     Quarry  St.  Tunnel — Shaft  Construction. 

taining  and  watching  the  pumps,  which  amounted  to  one  man's  time 
and  the  cost  of  current  or  steam,  as  the  case  might  be.  The  liar 
rison  Street  tunnel  was  the  first  one  flooded.  The  prime  considera- 
tion in  this  case,  however,  was  to  keep  the  cables  in  this  runnel  cool, 
as  they  were  nearlv  always  overloaded  and  heated  up  a  great  deal; 
then,  too,  the  cables  being  on  racks  instead  of  in  tile  a  short  circuit 
on  one  cable  would  be  liable  to  be  Communicated  to  others.  The 
tunnel  has  been  filled  for  two  and  three  years,  and  no  trouble  ha 
vet  developed  in  anv  of  the  cables.  The  Quarry  Street  and  22nd 
Street  tunnels  were  allowed  to  fill  about  a  year  and  a  half  ago,  and  but 
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Fig.  14.     Quarry  St.  Tunnel,  Shaft  Construction  near  Rock. 


Fig.    15.      Quarry  St.  Tunnel  Shaft,  Plastered. 


Springer— Tunnels  for  Electric  Cables 


Fig.  16.     Quarry  St.  Tunnel.  Manhole  over  Shaft,  with  Tiling. 


Fig.   17.     Quarry   St.  Tunnel—  R 
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Fig.  18.     Quarry  St.  Tunnel,  being  Concreted. 


Fig.   19-     Quarry  St.  Tunnel — Completed. 
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one  case  of  trouble  has  develoned  since  that  time.    This  was  at  *  >uarr\ 
Street,  where  several  cables  burned  out  last  October. 

More  water  enters  this  tunnel  than  any  of  the  others  and  it  causes 
the  most  trouble,  requiring  about  six  hours  pumping  per  day  to  keep 
it  dry.  The  cause  of  the  leakage  in  this  tunnel,  as  has  been  stated 
before,  is  the  gravelly  stratum  about  30  ft.  below  datum.  There  is 
also  a  substance  resembling  petroleum  which  entered  the  North  shaft 
in  considerable  quantities  during  construction,  filling  up  the  sump  and 
clogging  the  pumps.  The  volume  of  this  oily  substance  has  de- 
creased of  late.  It  is  thought  that  this  is  the  residue  from  a  gas  plant 
in  the  vicinity  which  finds  its  way  into  the  gravelly  stratum,  and 
thence  through  the  shaft. 

Extraordinary  care  was  taken  in  building  this  shaft  at  the  points 
where  the  water  was  in  greatest  volume;  the  concrete  ordinaril) 
mixed  in  the  proportion  of  1-3-5,  being  made  1-2-4.  On  comple- 
tion, the  leaks  were  all  plastered  up  with  cement  mortar  and  soda 
ash.  and  confined  to  one  point  where  a  2  inch  pipe  was  inserted. 
Upon  plugging  this  pipe  the  pressure  forced  the  water  through  in 
several  places  in  the  shaft  and  through  the  bottom  of  the  tunnel.  The 
pipe  was  therefore,  left  open,  the  water  all  coming  in  at  one  point. 
Various  methods  have  been  tried  to  stop  these  leaks.  A  jetting  pro- 
cess by  which  sawdust  was  forced  behind  the  shafts  was  used,  and 
also  a  bitumen  emulsion  mixed  with  cement  was  applied.  This  lat- 
ter compound  was  tested  by  mixing  two  quarts  with  one  sack  of 
cement  and  showed  an  average  strength  of  216  lbs.  per  square  inch 
compared  with  317  lbs.  for  the  mortar  without  the  compound  after 
seven  days  ;  also  304  lbs.  with  the  compound,  while  the  same  mortar 
without  the  compound  showed  446  lbs.  per  square  inch  after  28  days, 
or  a  decrease  in  strength  of  about  33  per  cent,  from  the  presence  of 
the  compound. 

The  question  of  waterproof  concrete  is  a  very  important  one  to  the 
engineering  profession  and  deserve-  a  great  deal. of  attention  in  the 
future.  A  recent  article  in  Engineering  News,  by  Mr.  (iaines  of  the 
Xew  York  Board  of  Water  supply,  take-  up  the  matter  of  mixing 
clay  with  cement  as  the  result  of  a  number  of  experiments  for  ob- 
taining waterproof  concrete  for  the  new  Croton  Aqueduct.  It  was 
stated,  that  while  all  preparations  investigated  for  both  surface  use 
and  used  as  integral  parts  of  the  concrete  had  proved  un  satis  fad 
the  admixture  of  an  electrolyte  (in  the  form  of  _''-  to  5  per  cent  of 
alum  solution)  and  a  colloid  (such  as  5  to  10  per  cent  of  clay)  pro- 
duced a  concrete  practically  impervious  to  water,  and  increased  it- 
strength  approximately  20  per  cent.  The  tests  were  made  under  40 
and  80  lbs.  pressure  of  water.  If  these  remarkable  results  could  be 
obtained  in  practice,  it  is  needless  to  say  they  would  be  of  great  value. 

The  last  tunnel  built  was  at  Clybourn  Place,  completed  in  July, 
1907,  and  is  perhaps  more  interesting  in  point  of  unusual  conditions 
than  anv  of  the  others. 

The  preliminary  plans  as  will  be  seen  by  referring  to  Fig.  2  con- 


60  Springer — Tunnels  for  Electric  Cables 

templated  a  tunnel  to  be  built  at  a  depth  of  fifty-five  feet  from  datum 
to  the  top  of  the  tunnel ;  this  depth  being  below  the  piles  in  the  foun- 
dation of  Clybourn  Place  bridge.  The  borings  at  this  depth  showed 
a  sandy  loam  and  although  this  material  is  difficult  to  work  in,  it  was 
thought  that  if  not  too  wet,  it  would  be  stable  enough  to  permit  of 
the  construction  of  the  tunnel  without  the  use  of  an  air  pressure. 
The  west  shaft  was  therefore  started  and  the  excavating  proceeded 
without  difficulty  through  the  soft  material  to  a  depth  of  about  twenty 
feet,  when  it  began  to  get  very  much  harder  and  in  fact  had  to  be 
chopped  out  with  mattocks.  This  hard  material  continued  to  a  depth 
of  thirty-eight  feet  below  datum,  when  the  material  began  to  soften, 
and  at  forty-four  feet  below  datum  we  ran  into  a  stratum  of  quick 
sand  in  which  it  was  impossible  to  work  without  the  use  of  compresed 
air.  It  was  therefore  necessary,  either  to  install  an  air  plant  and  pro- 
ceed though  the  wet  sand  below  the  bridge  piles,  or  to  obtain  per- 
mission from  the  city  authorities  to  build  the  tunnel  at  a  higher  level, 
which  would  make  it  necessary  to  cut  off  the  bottoms  of  some  of  the 
piles.  It  was  decided  to  concrete  the  shaft  at  once,  as  the  water  and 
quick  sand  were  rising  rapidly,  and  take  up  with  the  City  officials, 
the  question  of  a  change  in  the  level  of  the  tunnel. 

During  the  concreting  of  the  shaft,  four  y2  in.  rods  with  washers 
at  the  top  were  built  into  the  concrete  in  order  to  strengthen  it,  in 
the  event  of  any  settlement  due  to  the  soft  foundation.  A  bench,  or 
enlarged  excavation  was  also  made  above  the  bottom  in  the  good  clay 
and  filled  in  with  concrete,  bonding  with  the  shaft  proper,  as  an  extra 
precaution  to  prevent  settlement. 

While  the  shaft  was  being  concreted,  the  plans  were  changed  for 
a  tunnel  in  blue  clay  at  a  higher  level  and  above  the  bottom  of  the 
piles  of  the  bridge  foundation,  and  were  submitted  to  the  City  En- 
gineer for  his  approval,  but  as  was  expected,  there  was  at  first  some 
objection  on  his  part  to  the  changed  plans,  as  he  feared  that  cutting 
off  the  bottom  of  the  piles  might  weaken  the  bridge  foundation.  On 
the  other  hand,  it  was  contended  by  the  Company  that  the  cutting  off 
of  a  small  portion  of  the  bottom  of  the  piles  would  be  of  less  danger 
to  the  foundation  than  the  building  of  the  tunnel  at  the  lower  depth 
in  quick  sand.  The  latter  procedure  might  have  created  voids  in  the 
ground  as  was  the  case  at  22nd  Street  tunnel,  which  voids,  filling 
later  by  settlement,  might  have  caused  some  disturbance  to  the  bridge 
foundation.  It  was  also  pointed  out  that  the  piles  had  been  left  out 
entirely  where  the  City  water  tunnel  crossed  the  river ;  this  tunnel 
having  been  built  some  years  previous  to  the  construction  of  the 
bridge.  Furthermore  it  was  represented  by  the  Company's  engineers 
that  the  character  of  the  material  passed  through,  in  sinking  the 
shaft,  was  of  such  a  nature  that  it  would  not  be  possible  to  drive 
piles  through  it,  and  that  it  was  extremely  unlikely  that  any  of  the 
bridge  piles  penetrated  below  the  proposed  level  of  the  tunnel. 

To  corroborate  this  theory,  reference  was  made  to  the  testimony 
of  the  superintendent  for  the  contractor  who  drove  the  piles  in  ques- 
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tion,  in  which  it  was  stated  that  most  of  the  piles  battered  very  badly 
in  driving  and  that  he  thought  that  many  of  them  had  been  shattered 
The  City  Engineer's  field  notes  of  this  job  also  showed  that  some  of 
the  piles  lacked  as  much  as  eighteen  feet  of  being  driven  full  length. 

After  considering  these  features  of  the  case  and  having  seen  sam- 
ples of  the  material  dug  from  the  west  shaft,  the  City  Engineer  de- 
cided that  the  safer  method  would  be  to  build  the  tunnel  in  the  clay 
rather  than  to  take  the  risk  of  going  down  into  the  sand,  and  after  sev- 
eral conferences,  the  Commisioner  of  Public  Works  issued  a  permit 
for  the  tunnel  to  be  built  at  a  distance  of  forty-two  to  forty-four  feet 
below  datum,  on  condition  that  the  line  of  the  tunnel  be  changed  so 
that  it  would  cross  approximately  twenty  feet  from  the  outside  line 
of  the  foundation  and  parallel  to  the  center  line  of  the  bridge. 

This  latter  condition  was  required  by  the  City  Engineer  and  caused 
a  change  in  the  original  alignment,  necessitating  a  curve  the  tangen- 
tial angle  of  which  was  17  deg.  7  min.,  and  the  chord  of  which  was 
sixty-two  feet.  This  curve  connected  the  new  line  of  the  tunnel  with 
the  west  shaft. 

A  revised  preliminary  plan  in  accordance  with  the  requirements  of 
the  City  Engineer  was  filed  in  the  City  Hall,  the  Company  retaining 
a  copy  approved  by  the  City  Engineer  and  Commissioner  of  Public 
Works. 

The  work  progressed  with  little  trouble,  once  the  new  level  for  the 
tunnel  had  been  decided  upon,  and  we  obtained  what  may  be  called  a 
dry  tunnel ;  that  is,  one  in  which  so  little  water  accumulates  as  to  be 
of  no  consequence. 

That  the  decision  of  the  City  officials  in  granting  a  permit  for  the 
tunnel  to  be  built  at  the  higher  level  was  a  wise  one,  was  abundantly 
proved  during  the  progress  of  the  work,  because,  of  the  fifty-nine 
piles  encountered  during  the  digging,  the  bottoms  of  only  two  were 
as  low  as  the  bottom  of  the  bore ;  and  of  the  remainder,  many  pene- 
trated less  than  a  foot  into  the  excavation.  It  was  supposed  that 
some  of  these  piles  may  have  been  split  or  shattered  as  shown  in  Fig. 
20,  but  probably  this  is  not  the  case  because,  as  stated  before,  the  evi- 
dence showed  that  the  piles  had  battered  badly  on  top  in  driving; 
also  those  encountered  in  building  the  tunnel  were  not  split  or  bat- 
tered in  the  least,  but  were  in  perfectly  sound  condition,  and  very 
little  water  followed  them. 

The  record  of  the  number  cut  off  and  amounts  cut  off  from  these 
piles  was  kept,  and  is  as  follows :  thirty-one  piles  were  cut  out  in  the 
east  foundation  and  twenty-eight  in  the  west  foundation  of  the  bridge. 
Two  of  these  piles  projected  clear  through  the  tunnel  excavation; 
thirty  projected  seven  feet  inside ;  twelve,  from  four  to  five  feet ;  and 
fifteen,  from  six  inches  to  one  foot.  Figure  21  shows  several  of 
these  piles.  They  were  all  cut  off  at  about  a  foot  above  the  outside 
line  of  the  tunnel  and  the  space  filled  in  with  concrete,  making  about 
twenty  inches  of  concrete  on  the  roof  where  the  piles  occurred,  in- 
stead of  the  resrular  nine  inch  thickness. 
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sorr    YELLOW    CLAY 


DATUM       LINE., 

HARD    YELLOW    CLAY 


SOFT    BLUE    CLAY 


SANDY      LOAM     (orv) 
GRAVEL 


HARO    BLUE    CLAY. 


SOFT    BLUE     CLAY. 


SANDY     LOAM. 

(WET) 


SANDY    LOAM 

(WITH      GRAVEL) 


%^N\^ lO.O  BED    ROCK 

Fig.  20.     Clybourn  Place  Tunnel — Shattered  Pile. 
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All  these  tunnels  were  constructed  with  but  a  single  case  of  per- 
sonal injury.  One  of  the  men  at  Quarry  Street,  in  attempting  to  ad- 
just an  arc  lamp  pulled  it  loose  from  its  fastenings  and  was  hit  on 
the  head  by  the  same,  receiving  a  fracture  of  the  skull.  Aside  from 
this,  whether  from  good  management  or  good  luck  there  were  no 
other  accidents  notwithstanding  the  fact  that  a  box  of  dynamite  fell 
down  the  east  shaft  of  Washington  Street  tunnel,  and  a  drop-bottom 
bucket  at  the  south  shaft  of  Quarry  Street,  containing  thirty  sticks 
of  dynamite,  opened  up,  letting  them  fall  down  the  shaft,  but  doing 
no  damage  in  either  case.  Probably  an  impartial  judge  would  de- 
cide that  it  was  good  luck  which  entered  into  the  two  cases  last  men- 
tioned. 

In  the  matter  of  alignment  of  all  the  tunnels  where  it  was  neces- 
sary to  sink  one  shaft,  then  the  other  and  drift  toward  the  first  shaft, 
or  where  the  tunnel  was  built  from  both  shafts  toward  the  center,  all 
the  lines  checked  within  one  or  two  inches :  the  last  tunnel  at  Cly- 
bourn  Place  checking  within  one-half  an  inch  on  the  curve  at  the 
west  shaft.  The  results  obtained  were* due  to  the  careful  instrument 
work  of  Mr.  F.  X.  Savage  and  Mr.  J.  K.  Raines,  who  have  been  asso- 
ciated with  the  writer  in  the  construction  of  these  tunnels. 


Fig.  21.     Clybourn  P!nc<-  Tunnel  with  Intruding  Piles 
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Discussion. 

President  Abbott:  Mr.  Springer  mentions  only  one  case  of  per- 
sonal injury.  There  was,  however,  at  least  one  other  case  of  damage 
to  property  which  came  to  my  attention  in  connection  with  this  work, 
which  he  did  not  mention.  In  the  neighborhood  of  the  Quarry  Street 
tunnel,  which  is  Bridgeport,  the  old  settlers  and  "squatters",  kept 
geese,  and  pastured  them  on  the  vacant  lots.  A  complaint  was  made 
to  me  at  one  time  that  the  blasting  done  by  the  contractor  in  this 
tunnel  had  spoiled  all  the  eggs  in  that  neighborhood  and  no  geese 
had  been  hatched. 

There  are  a  number  of  eminent  engineers  and  contractors  present 
who  have  been  connected  with  such  work  as  has  been  described  to- 
night, and  I  trust  they  will  give  us  the  benefit  of  their  experience. 

Mr.  J.  W.  Alvord,  m.w.s.e.  :  It  may  be  of  interest  to  hear  about 
some  tunnels  that  have  not  apparently  gone  ahead  so  successfully  as 
those  described  in  the  paper  this  evening. 

I  am  interested  in  the  construction  of  a  tunnel  at  Gary,  Indiana,  for 
water  supply,  which  is  to  be«i  5,000  ft.  long,  one-half  of  which  is  to 
be  beneath  the  lake  and  the  other  half  beneath  the  site  of  the  Steel 
Company's  mill  and  under  the  city  proper.  There  is  to  be  a  shaft 
at  the  lake  shore,  a  shaft  in  the  center  of  the  city,  and  a  shaft  at  the 
lake  end  of  the  tunnel.  We  have  been  about  nine  months  attempt- 
ing to  get  a  shaft  at  the  lake  shore  successfully  completed,  but  the 
task  is  not  yet  finished.  The  ground  there  consists  of  water-bearing 
sand  to  a  depth  of  about  35  ft.  below  Chicago  City  datum,  and  then 
clay  of  increasing  hardness  with  increasing,  depth.  The  attempt  to 
put  a  shaft  down  through  this  water-bearing  sand  seems  to  be  a 
somewhat  new  and  novel  experience  to  those  accustomed  to  shaft 
work  about  Chicago,  where  shaft  work  has  been  fairly  successful. 

The  first  attempt  was  made  with  a  masonry  shaft  on  a  cast  iron 
shoe,  which  went  down  very  rapidly  and  successfully  until  the  clay 
was  reached,  by  removing  the  material  inside  of  the  shaft  by  means 
of  a  clam-shell  dredge.  The  shoe  penetrated  into  the  clav  a  distance 
of  about  17  ft.,  going  harder  and  harder,  slower  and  slower,  and  at 
that  depth  the  shaft  was  pumped  out,  but  the  inflow  of  water  was  so 
great  around  the  outside  of  the  shaft  and  underneath  the  shoe  it  was 
not  possible  to  carry  on  further  excavation.  After  making  various 
attempts  to  stop  the  leakage,  and  discussing  many  methods,  this  shaft 
was  finally  abandoned,  largely  because  its  diameter  was  too  small  to 
stand  further  reduction. 

A  new  shaft  of  a  larger  diameter  was  started,  in  order  to  enable 
a  shaft  to  be  telescoped  inside  of  it  in  case  the  same  difficulty  was 
experienced.  It  went  down  rapidly  and  easily,  and  penetrated  about 
17  feet  into  the  clay,  but  the  same  amount  of  leakage  was  encoun- 
tered. Then  we  tried  driving  steel  sheeting  about  12  feet  in  length 
fitted  purposely  for  the  diameter  it  was  intended  to  fit,  and  a  joint 
was  made  and  the  leakage  was  stopped.  The  interior  of  the  sheeting 
was  then  concreted,  and  the  shaft  was  further  sunk  by  under-pinning, 
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and  reached  its  full  depth  of  95  feet  below  Chicago  datum  in  good 
ground.  The  tunneling  was  then  started  but  difficulties  were' en- 
countered with  the  sump,  which  was  to  be  some  6  ft.  below  grade 
level,  and  it  was  discovered  that  bad  ground  existed  below  this  Tump. 

After  some  60  ft.  of  tunnel  had  been  drifted,  certain  crack-  devel- 
oped and  a  certain  inflow  of  silty  and  gritty  water  occurred,  which 
could  not  be  stopped,  owing  to  the  fact  that  if  it  were  stopped  it  would 
rise  into  the  tunnel  through  the  cracks.  This  inflow  continued  until 
the  entire  lower  portion  of  the  shaft  was  wrecked,  and  the  shaft  was 
separated  into  two  parts  about  12  ft.  below  the  tunnel.  Many  efforts 
were  made  to  save  this  shaft,  and  many  schemes  as  to  how  it  could 
be  saved  were  discussed,  but  it  became  apparent  that  it  would  be  \  1 
injudicious  to  drift  a  mile  and  a  half  of  tunnel  through  a  shaft  so  in- 
secure and  so  imperfect,  and  this  second  scheme  has  finally  been 
abandoned. 

A  third  attempt  is  about  to  be  begun  with  a  shaft,  the  lining  of 
which  will  be  of  cast  iron  from  top  to  bottom  in  segments  about  6 
feet  high  and  io1^  ft.  in  diameter,  bolted  together.  In  the  meantime 
the  shaft  which  is  in  the  center  of  the  city  has  been  sunk  to  grade, 
without  encountering  any  difficulties. 

It  is  apparent  that  sinking  shafts  in  water-bearing  sand  at  this 
depth  presents  some  problems  which  have  not  been  encountered  by 
most  contractors  engaged  in  shaft  sinking  about  Chicago. 

In  going  back  in  my  mind  to  some  twenty  years  ago,  when  it  was 
my  fortune  to  be  connected  with  the  first  tunnel  for  Hyde  Park 
waterworks,  I  recall  very  little  difficulty  in  the  construction  of  shafts, 
but  in  getting  down  35  feet  below  Chicago  datum  in  water-bearing 
sand  the  pressures  become  very  great  and  the  inflow  very  large,  with 
very  small  openings  and  therefore  the  difficulties  are  much  greater 
than  are  usually  found  elsewhere  about  the  city,  where  the  clay  is 
moderately  near  the  surface. 

Mr.  W .  B.  Ewing,  M.W.S.E.:  I  had  occasion  recently  to  -ink  a 
pumping  pit  through  water-bearing  sand  at  West  Hammond.  111. ; 
the  pit  was  30  ft.  in  diameter  and  was  sunk  to  a  depth  of  about  20 
ft.  The  wall  was  to  be  constructed  of  concrete  18  in.  thick  and  the 
floor  was  to  be  slightly  concaved,  built  of  concrete  12  in.  thick  rein- 
forced with  steel  rods!  The  water  in  the  sand  came  within  about  a 
foot  of  the  surface  of  the  ground,  which  was  about  8  ft.  above  the 
level  of  the  Calumet  river.  In  prosecuting  some  sewer  work  there, 
the  usual  method  of  using  well  points  was  pursued.  It  was  first 
determined,  in  sinking  the  well,  to  construct  a  circular  trench  about  4 
feet  wide  the  depth  of  the  well  and  build  up  the  wall,  then  excavate 
the  interior  of  the  pit.  The  contractor,  receiving  some  advice  from 
another  contractor  on  the  outside,  attempted  to  construct  the  wall  on 
a  light  metal  shoe  and  sink  it  bv  excavating  below  while  placing  1 
crete  on  top,  but  when  thev  began  to  lower  it  the  whole  thin- 
lapsed.  We  then  returned  to  the  original  "point"  method,  pla< 
points  all  through  the  center  and  around  the  sides  of  the  well  ah- mt 
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3  ft.  apart,  which  kept  the  water  down  and  this  way  we  were  able  to 
excavate  the  well  down  to  clay  where  a  circular  trench  was  dug, 
braced,  and  the  forms  placed  into  which  the  concrete  was  poured ; 
the  interior  of  the  well  then  was  pumped  out  and  the  remainder  of 
the  well  excavated  and  the  bottom  reached  without  any  further  dif- 
ficulty sufficiently  dry  to  place  the  concrete  floor. 

Mr.  C.  C.  Saner,  jun.m.w.s.e.  :  It  might  be  interesting  to  mention 
the  shaft  work  in  the  construction  of  the  Blue  Island  Ave.  land 
tunnel. 

Shaft  No.  i  is  located  just  east  of  Lincoln  Park  Boulevard  on  Del- 
aware Place.  There  is  about  30  ft.  of  water-bearing  sand  at  that 
point,  and  interlocking  steel  sheeting  was  driven  in.  First  one  set 
was  driven  in  about  30  ft.  and  excavation  made,  and  then  another 
ring  was  driven  inside  of  this  and  excavation  made  inside  of  this  ring. 
The  first  ring  did  not  go  into  the  clay  far  enough  to  keep  the  water 
out.  The  foreman  went  ahead  at  this  place  and  excavated  to  the  re- 
quired depth  of  72  feet,  and  the  water  came  in  at  the  rate  of  about 
60  gal.  per  min.  between  these  two  rings.  He  attempted  to  concrete 
it,  and  did  concrete  the  shaft  at  the  top  with  this  flow  of  water,  but 
it  was  not  a  success.  The  water  came  in  at  the  rate  of  35  gal.  per 
min.  I  was  of  the  opinion,  before  he  started  to  concrete,  that  if  he 
had  drilled  holes  in  the  second  ring  about  5  ft.  below  the  top,  and  had 
then  dug  out  the  clay  between  the  bottom  of  the  first  ring  and  top  of 
the  second,  and  grouted  that,  and  then  plugged  his  holes,  he  could 
have  stopped  the  water.  The  sheeting  was  water-tight  and  the  water 
did  not  come  through  the  sheeting,  but  below  the  first  ring. 

The  same  method  was  used  at  22nd  Street  and  Ashland  Avenue 
and  no  trouble  was  encountered,  but  at  the  bottom  of  the  first  ring 
they  encountered  a  heavy  clay  pressure  which  bulged  out  the  eye 
beams  and  cracked  them.  A  good  deal  of  trouble  was  experienced 
in  getting  them  back  into  place,  in  order  to  get  the  required  amount 
of  concrete. 

I  think,  with  an  intelligent  foreman,  that  these  shafts  can  be  driven 
through  water-bearing  sand  by  that  method,  but  I  would  not  advise 
the  attempt  with  an  inexperienced  foreman. 

President  Abbott:  It  is  possible  that  there  are  ways  of  construct- 
ing a  dry  tunnel  in  the  presence  of  water,  but  it  has  been  our  expe- 
rience that  if  a  dry  tunnel  is  desired,  it  must  be  dug  in  a  dry  place. 

Mr.  P.  Junkersfcld,  m.w.s.e.  :  One  aspect  of  this  question  that 
has  occurred  to  me  is  the  amount  of  money  a  company  has  to  put 
into  the  construction  of  these. tunnels,  and  the  amount  of  money 
taken  out,  either  in  the  way  of  advantages  as  to  the  reliability  of  the 
general  ssytem  or  saving  in  construction  of  other  parts  of  the  gen- 
eral system.  It  is  a  fact  that  many  electrical  and  gas  men  are  afraid 
of  tackling  the  tunnel  proposition.  That  is,  men  who  distribute  gas 
and  electricity  in  large  cities  where  there  is  a  river  could  often  make 
a  considerable  annual  saving  by  the  use  of  a  tunnel,  but  they  hear  of 
the  troubles  encountered  in  tunnel  construction,  and  put  off  the  day. 
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I  think  Mr.   Springer's  paper  will  be  especially  welcome,  and  the 
"Journal"  containing  it  will  doubtless  be  in  demand. 

Mr.  Springer's  paper  shows  that  in  the  last  fourteen  years  the 
cost  was  cut  down  very  greatly,  and  the  time  of  building  cut  down 
from  eight  to  three  months,  which  indicates  that  it  is  not  a  serious 
thing  to  a  company  having  men  like  Mr.  Springer  and  his  assistants 
who  know  how. 

Mr.  Springer:  Mr.  Junkersfeld's  remarks  in  reference  to  the  sav- 
ing made  by  the  use  of  these  tunnels,  reminded  me  of  an  instance  in 
connection  with  the  construction  of  the  Quarry  Street  tunnel.  The 
work,  of  course,  was  very  difficult,  but  it  didn't  seem  to  be  going 
along  fast  enough  to  suit  the  company,  although  we  felt  that  we 
were  making  as  rapid  progress  as  we  could.  We  could  not  squeeze 
in  any  more  men,  as  we  were  drilling  holes  night  and  day.  Finally 
the  Assistant  Chief  Operating  Engineer,  under  whom  we  were  work- 
ing, came  to  me  and  said  that  by  hurrying  the  work  along  faster  we 
would  save  the  company  $50.00  a  day,  by  shutting  down  56th  Street 
station.  This  information  served  as  an  incentive  to  hurry  me  still 
more  in  the  prosecution  of  the  work. 

Mr.  IV.  H.  Finlcy,  m.w.s.e.  :  I  have  been  much  interested  in  Mr. 
Springer's  description  of  the  conditions  met  with  in  underground 
work  in  the  City  of  Chicago.  It  is  evident  that  great  progress  has 
been  made  in  tunnel  construction.  I  am  particularly  interested  in  the 
paper  for  the  reason  that  the  company  with  which  I  am  connected 
is  about  to  put  in  a  foundation  at  Kinzie  Street,  and  being  accus- 
tomed to  compressed  air  in  bridge  foundations  we  naturally  favor 
that.  The  intention  is  to  sink  a  pneumatie'eaisson  42  by  54  feet  down 
to  the  bed  of  impervious  clay  that  underlies  the  Chicago  river,  at 
about  45  or  50  feet  below  Chicago  City  datum,  and  from  that  point 
to  sink  to  bed  rock  10  ft.  wells  by  open  excavation,  but  the  work  will 
be  so  conducted  that  air  can  be  applied  at  any  time.  It"  we  get  into 
any  trouble  on  account  of  quick  sand,  we  will  have  things  so  ar- 
ranged that  we  can  apply  compressed  air. 

Our  borings  at  that  point  shows  at  95  ft.  below  Chicago  datum, 
that  over  this  bed-rock  is  gravel  and  coarse  sand,  apparently  water- 
bearing.   I  would  ask  if  any  of  the  engineers  present  have  had 
perience  in  sinking  foundations  to  bed-rock,  and  if  so,  if  that  water 
is  under  any  head  or  pressure? 

Mr.  A.  Von  Babo,  m.w.s.e.:  In  relation  to  the  Clybourn  Place 
bridge,  Mr.  Springer  mentions  that  the  piles  were  left  out  entirely 
where  the  City  water  tunnel  crossed  the  river,  but  he  mentions  also 
that  additional  piles  were  put  outside,  so  that  the  pier  is  now  eccen- 
tric The  reason  for  the  request  for  change  of  location  of  the  tun- 
nel was  to  bring:  it  about  half  way  between  the  main  supports :  other- 
wise it  was  possible  that  the  piles  would  he  overstrained. 

Mr.  Alvord:  I  was  interested  in  what  Mr.  Springer  said  aboul 
the  mysterious  disappearance  of  water  from  the  Washington  Sti 
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tunneL  I  can  imagine  that  some  of  our  friends  who  own  artesian 
wells  might  have  derived  some  benefit  from  this. 

President  Abbott:  The  disappearance  of  that  water  was  one  of 
the  most  unaccountable  things  which  we  noticed  in  connection  with 
the  construction  of  these  tunnels.  Whv  the  water  should  run  out 
of  a  shaft,  the  bottom  of  which  is  something  like  90  feet  below  the 
bed  of  the  river,  is  hard  to  explain. 

Mr.  Alvord:  I  really  think  that  the  "artesian"  idea  is  not  an  un- 
reasonable one.  Many  of  those  here  tonight  may  not  be  aware  that 
the  artesian  well  water  supply,  which  was  at  one  time  very  abundant 
in  this  city,  has  of  late  years  diminished  very  greatly  throusrh  the  in- 
crease of  the  number  of  wells  and  the  improved  methods  of  pumping 
water  from  artesian  wells.  Devices  are  now  in  use — notably  the  air 
lift — by  which  the  water  may  be  removed  from  artesian  wells  to  a 
depth  of  100  to  200  ft.  below  the  surface,  and  it  is  quite  possible  that 
the  proximity  of  some  artesian  well  which  was  being  pumped,  so  that 
the  static  level  was  below  the  level  where  the  casing  was  defective 
enough  to  produce  the  leakage,  may  fully  account  for  the  disappear- 
ance of  the  water  in  question. 

Mr.  D.  W.  Roper,  m.w.s.e.  :  There  is  one  feature  in  connection 
with  the  Clybourn  Place  tunnel  which  Mr.  Springer  has  not  referred 
to.  In  driving  the  tunnel  it  was  found  that  the  permanent  level  of 
the  water  was  very  close  to  the  bottom  of  the  tunnel,  and  we  made 
some  changes.  We  have  a  sump  at  the  bottom  of  each  shaft,  and 
instead  of  trying  to  make  them  completely  water-tight  we  put  a  sewer 
pipe  through  the  bottom  of  each  one.  The  water  was  so  close  to  the 
bottom  of  the  tunnel  that  the  water  which  flows  in  near  the  surface 
drips  down  the  shaft  and  collects  in  the  bottom  of  the  west  shaft,  but 
as  the  bottom  of  the  east  shaft  is  a  couple  of  feet  above  the  perma- 
nent water  level,  the  water  flows  out  through  the  sewer  pipe  into  the 
surrounding  sand,  and  never  appears  above  the  bottom  of  that  sump, 
The  drainage  is  therefore  automatic,  the  water  flowing  into  a  bed  of 
dry  sand  which  is  above  the  permanent  water  level  in  the  ground. 

Mr.  Saner:  In  regard  to  the  pile  that  Mr.  Springer  mentions  as 
having  been  driven  through  the  roof  of  the  Harrison  Street  tunnel,  I 
would  ask  how  far  that  diverged  from  the  course  it  was  supposed  to 
take? 

Mr.  Springer:  The  point  of  the  pile  diverged  approximately  three 
feet  south  of  the  head.  There  were  about  five  or  six  other  piles  near 
the  one  which  penetrated  the  tunnel  and  by  tapping  each  one  on  the 
head  with  a  sledge  while  some  one  listened  in  the  tunnel,  the  right 
pile  was  located.  A  transit  was  lowered  into  the  tunnel  and  the  an- 
gles of  the  tunnel  as  well  as  the  ordinates  of  the  point  of  the  pile 
measured.  These  measurements  with  the  location  of  the  head  of  the 
pile  were  then  plotted  and  the  divergence  scaled.  The  length  of  the 
pile  was  fifty  feet. 
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If  you  have  ever  noticed  the  approach  of  a  heavy  train  on  .1 
modern  railway  by  keeping  your  eve  down  near  the  track,  you 
could  not  have  failed  to  notice  the  extraordinary  wave  in  the  track 
which  is  formed  in  front  of  the  engine.  This  wave  appears  to  be 
about  twice  the  height  it  actually  is,  as  it  is  formed  not  only  by 
depressing  the  track  immediately  under  the  engine,  but  the  track 
immediately  in  front  is  actually  lifted,  thereby  forming  a  true 
wave  motion.  If  the  train  is  moving  at  a  high  rate  of  speed  as  it 
passes,  you  will  be  impressed  by  the  noise  and  the  lack  of  rigidity 
of  the  whole  structure.  The  cause  of  this  wave  motion  is  the 
yielding  of  the  track.  The  dynamic  action  of  the  moving  load 
must  be  absorbed  by  the  rails,  the  ties,  and  the  substructure  under- 
neath. This  tends  to  push  the  entire  track  in  front  of  the  wave, 
and  this  yielding  of  the  track  accounts  largely  for  the  creeping 
of  the  rails.  If  the  ballast  is  hard  and  frozen,  as  well  as  the  sub- 
structure underneath,  the  rails  must  absorb  the  bulk  of  this. energy, 
and  if  the  conditions  are  such  as  to  produce  an  uneven  hardness, 
such  as  a  sudden  frost  in  earth  full  of  moisture,  when  combined, 
perhaps,  with  a  low  joint,  the  chances  are  that  a  broken  rail  will 
result. 

The  railroad  commission  of  the  state  of  New  York  reports  that 
over  3,000  rails  were  broken  in  that  state  during  the  past  January, 
February  and  March.  These  breakages  are  reported  by  the  rail- 
roads themeslves,  so  that  they  can  be  considered  as  authentic. 
This  means  that  over  33  rails  per  day  were  found  broken,  or  one 
rail  per  day  for  every  240  miles  of  track  in  the  state  of  Xew  York 
alone. 

The  railroads  are  so  alive  to  this  condition  that  they  are  patrolling 
their  tracks  day  and  night  in  order  to  forestall  the  danger  pre- 
sented by  a  possible  broken  rail.  How  does  this  appeal  to  you 
from  an  engineering  standpoint?  Imagine  a  stationary  engine, 
developing  at  times  2,000.  horse  power,  on  a  base  or  foundation 
which  is  so  uncertain  that  you  are  compelled  to  have  someone 
watch  it  day  and  night  in  order  to  forestall  the  danger  of  a  wreck 
to  the  machine  itself,  to  say  nothing  about  the  gravity  of  the  situa- 
tion when  this  wreck  becomes  a  matter  of  life  or  death,  every  time. 
The  Railroad  Gazette  has  given  this  subject  a  good  deal  of  atten- 
tion, and  in  a  recent  issue  publishes  a  collection  of  letters  bearing 
on  this  subject,  from  a  number  of  railroad  officials.  Hi- 
are  in  answer  to  a  request  to  give  their  view 
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the  great  increase  in  rail  breakages,  and  with  one  or  two  excep- 
tions they  all  blame  the  poor  quality  of  the  steel.  One  letter,  the 
shortest  of  them  all,  is  by  far  the  most  instructive.  Quoting  from 
the  above  issue,  "I  should  say,  the  quality  of  the  rails  furnished  is 
gradually  getting  worse  and  the  axle  load  of  engines  and  their 
speed  is  gradually  increasing."  In  a  few  words  this  correspondent 
sums  up  the  whole  situation.  "The  rails  are  getting  worse,  and 
the  loads  are  getting  heavier" ;  so  that,  there  are  two  sides  to  this 
question  and  both  sides  should  be  given  due  consideration. 

An  examination  of  the  rails  shows  the  breakages  usually  occur 
near  the  ends  of  the  rail.  Some  show  flaws  due  to  "pipes,"  or  a 
lack  of  weld  owing  to  the  presence  of  some  foreign  substance. 
These  flaws  correspond  to  "cold  shuts"  in  the  days  when  iron  was 
used.  Others  show  fractures  due  to  brittle  steel,  and  still  others 
the  characteristic  coarse  crystals  due  to  imperfect  physical  treat- 
ment. Of  these  fractures  the  ones  due  to  the  brittle  steel  are  most 
to  be  feared,  as  they  are  most  insidious.  The  "pipes"  and  the 
imperfect  physical  treatment  can  perhaps  be  guarded  against,  but 
what  can  be  done  to  guard  against  a  brittle  steel? 

Steel  is  brittle,  as  a  rule,  owing  to  the  presence  of  phosphorus ; 
but,  the  rail  manufacturer  says  that  phosphorus  has  been  gradually 
eliminated,  until  now  it  is  at  least  25  per  cent  less  than  it  was 
fifteen  or  twenty  years  ago.  But  what  of  the  carbon?  In  the  last 
few  years  the  requirements  for  carbon  have  been  increased  by  100 
per  cent.  It  it  safe  to  make  a  high  carbon  steel,  carrying  0.60  per 
cent  of  carbon,  in  the  presence  of  0.10  per  cent  of  phosphorus?  In 
other  words,  has  the  phosphorus  been  eliminated  sufficiently  to 
compensate  for  the  increase  in  carbon?  The  railroads  should  insist 
upon  a  reasonable  limit  for  phosphorus  and  make  the  rail  manu- 
facturers live  up  to  it.  Just  now  it  would  be  interesting  to  know 
why  the  railroads  have  to  accept  the  manufacturer's  standard. 

No  concerted  effort  has  been  made  to  analyze  this  problem,  other 
than  to  blame  the  rail  manufacturer,  for  the  poor  quality  of  the 
rails,  but  there  is  another  side  to  this  question  that  has  not  received 
proper  consideration.  Quoting  from  the  excellent  paper  on  track 
superstructure  by  Mr.  O.  E.  Selby,  bulletin  Xo.  80,  American  Rail- 
way Engineering  and  Maintenance  of  Way  Association,  "Railroad 
track  has  grown  in  strength  as  heavier  loads  have  made  increased 
strength  necessary,  but  such  growth  has  been  entirely  along 
empirical  lines,  and  not  one  single  detail  of  track  superstructure 
bears  marks  marks  of  engineering  design." 

To  begin  with,  is  the  difficulty  due  entirely  to  the  poor  quality 
of  the  rail?  We  have  heard  much  of  the  speed  with  which  rails 
are  rolled,  and  of  the  high  temperature  of  the  steel  when  on  the 
cooling  bed.  This  may  account  for  some  of  the  difficulty ;  but,  on 
the  other  hand,  is  the  structure  upon  which  the  rail  rests  free 
from  blame? 
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To  be  sure  the  quality  of  the  steel  can  be  improved,  but  so  can 
the  substructure  upon  which  it  rests  in  the  track.  If  it  is  true  that 
the  heavier  rail  sections  have  shown  a  higher  percentage  of  break- 
ages than  the  lighter  sections,  under  the  same  conditions,  then  the 
cause  of  the  rail  breakages  should  not  be  hard  to  find. 

Increasing  the  weight  of  the  rail  in  a  track  does  not  necessarily 
make  a  better  track  than  a  lighter  rail  does.  Something  must  be 
left  for  the  ties,  ballast  and  substructure  to  do.  If  the  original 
form  of  railway  track,  with  its  strap  rails  laid  on  longitudinal 
timbers  resting  on  cross-ties,  had  been  developed  along  these  lines 
to  its  logical  conclusion,  the  present  form  of  railway  track  would 
have  been  unknown.  Let  us  see  what  are  some  of  the  defects  of 
the  present  cross-tie  system  of  rail  support.  In  the  first  place  it 
is  not  mechanical.  Given  a  line  of  rails  which  have  to  carry  moving 
loads  reaching  20,000  or  30,000  lbs.  and  more  per  wheel,  the  loads 
which  they  carry  must  be  distributed  over  large  areas.  The  cross- 
tie  system  accomplishes  this  by  inserting  16  to  20  independent  sup- 
ports under  each  30  feet  of  rail,  and  upon  the  track  department  is 
placed  the  impossible  task  of  so  adjusting  these  supports  that  each 
shall  bear  an  equal  part  of  the  load.  This  is  the  real  secret  of  the 
enormous  amount  of  labor  spent  on  surfacing  a  track,  in  order  to 
carry  trains  at  high  speeds,  and  it  is  a  work  that  goes  on  forever. 
Moreover,  assuming  a  joint  has  not  been  kept  up  to  surface,  what 
happens  when  a  wheel  passes  over  it?  Within  certain  limits  the 
ends  of  the  rail  will  deflect  until  the  tie  receives  a  firm  bearing; 
and,  all  track  shows,  more  or  less,  the  effect  of  the  lack  of  con- 
tinuity in  the  rail,  by  the  dip  of  the  rail  at  every  joint.  This  hap- 
pens in  an  instant,  when  the  operation  is  repeated  by  the  next 
wheel,  and  so  on.  (Fig.  1.)  Assuming  the  deflection  of  the  end 
of  the  rail  to  be  A  when  the  tie  reaches  a  firm  bearing; 

Let  "W"  be  the  wheel  load ; 

Let  "1"  be  the  space  between  the  supports ; 

Let  "E"'  be  the  modulus  of  elasticity  of  the  steel; 

Let  "I"  be  the  moment  of  inertia  of  the  rail  section  . 

\V13       iWlJ-        Ml- 
Then  A   =^eT=   3EI  -JET 

Let  "f"  denote  the  fibre  stress  on  the  rail  due  to  bending; 
Let  "yi"  denote  the  distance  from  outer  fibres  to  neutral  axis. 


f  I  N *  .  J  rv  ' ... 

M=—     •     A  =7-ErT7.-.f=  -".—fr- 


f  1  fl2  . 

=  3Ey> 

Equation  (1)  shows  that  for  a  given  deflection  of  a  rail  the  fibre 
stress  varies  directly  with  the  distance  of  the  outer  fibres  from  the 
neutral  axis,  and  nothing  else.  In  other  words,  it  the  rail  deflects 
until  the  tie  brines  up  on  a  firm  bearing,  regardless  of  the  wheel 
load,  then  the  stiffer  the  rail  the  more  work  it  will  be  called  upon 
to  do,  and  consequently  the  higher  the  fibre  stress  on  the  steel  wi.l 
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Fig.    1. 


be.  Now,  is  this  not  approximately  what  takes  place  under  ordi- 
nary conditions  ?  The  load  comes  on  the.  rail,  and  if  the  rail  lacks 
a  firm  bearing  it  will  deflect  until  it  finds  a  reaction.  Equation  (i) 
tells  us  that  in  order  to  reduce  the  work  done  by  the  rail  it  will  be 
necessary  to  reduce  the  value  of  "A."  In  other  words,  make  the 
ballast  and  substructure  as  unyielding  as  possible  so  that  the  rail 
will  be  relieved  from  a  duty  which  it  is  not  qualified  to  perform, 
and  which  it  should  never  have  been  called  upon  to  perform. 

To  illustrate,  let  us  assume  that  a  fibre  stress  of  15,000  lbs.  per 
sq.  in.  is  acceptable  for  a  working  load,  and  "yi"  for  a  60  pound 
rail  to  be  2.15  in.,  E  ==  30,000,000,  and  "1"  =  40  in.;  then  for  a 
60  pound  rail, 
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15,000  x  1 6,ooo 
=  3x  30,000,000  X2.i5=°-I24     or,/«in 

Whereas,  the  fibre  stress  for  an  80  pound  rail  corresponding  to  a 
deflection  of  an  eighth  of  an  inch  is  18,000  pounds  per  square  inch. 
In  other  words,  for  the  same  deflection,  the  80  pound  rail  should 
have  20  per  cent  more  breakages  than  the  60  pound  rail,  all  other 
conditions  being  exactly  the  same.  To  be  sure,  this  is  only  ap- 
proximately true,  but  it  goes  to  show  that  if  the  track  could 
made  as  smooth  and  unyielding  as  a  planer  table,  an  ideal  o 
dition  would  be  realized.  If  this  is  true,  then  the  railroads  are 
wasting  their  money  in  buying  heavier  rails. 

In  passing,  it  might  be  well  to  call  attention  to  the  deficiencies 
in  the  standard  rail  sections,  known  as  the  A.  S.  C.  E.  rail  sec- 
tions. In  any  cross-section  of  a  beam  subjected  to  bending,  the 
distance  of  the  outer  fibres  from  the  neutral  axis  should  be  the 
same,  both  above  and  below,  in  order  to  have  the  extreme  fibres 
above  subjected  to  no  higher  stress  than  the  extreme  fibres  below. 
In  other  words,  the  section  should  be  balanced,  that  is.  the  center 
of  gravity  should  be  in  the  center  of  the  figure.  This  is  funda- 
mental. 

Referring  to  Fig.  1,  it  will  be  seen  that  all  of  the  standard  rail 
sections  are  unbalanced  sections,  with  the  result,  that  in  the  case 
of  the  90  pound  rail,  the  metal  in  the  head  receives  a  fibre  stress 
15  per  cent  higher  than  in  the  flange. 

In  a  recent  proposed  section  for  a  100  pound  rail,  which  has 
been  adopted  by  one  of  the  trunk  lines,  this  difficulty  has  been 
increased  instead  of  being  diminished,  with  the  result  that  the 
metal  in  the  head  will  be  subjected  to  a  fibre  stress  24  per  cent 
higher  than  in  the  flange.  This  difficulty  can  be  remedied  by 
revising  the  rail  sections  so  as  to  put  the  center  of  gravity  in  the 
center  of  the  figure,  without  reducing  the  efficiency  of  the  rail  as 
a  beam,  and  at  the  same  time  observing  the  requirements  of  the 
section  from  a  metallurgical  standpoint. 

But,  the  usual  argument  against  an  unyielding  roadbed  is  offered 
by  the  railroad  manager  about  as  follows:  He  says  the  track 
must  be  elastic,  otherwise  the  rails  would  be  destroyed  or  broken, 
and  therefore  the  present  form  of  track  must  be  maintained.  Yet 
this  same  manager  will  order  the  heaviest  rails  to  be  placed  in  the 
track,  to  be  supported  on  the  heaviest  ties  that  he  can  procure  and 
laid  on  the  deepest  ballast,  to  make  a  firm  and  unyielding  roadbed 
as  near  as  can  be  made  by  such  devices.  If  a  rail  could  be  laid  on 
a  solid  bed  uniform  throughout  its  entire  length,  so  that  every  part 
is  supported  exactly  the  same  as  every  other  part  where  will  the 
rail  break? 

But  how  shall  a  roadbed  be  built  that  will  meet  such  condil 
In  the  first  place,  the  substructure  upon  which  it  is  to  be  laid  must 
be  absolutely  unyielding,  and  its  foundation  must  be  free  from  all 
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moisture  or  below  the  action  of  frost.  In  some  cases  concrete 
walls  must  be  built  upon  which  the  superstructure  is  to  rest.  In 
other  cases  piles  must  be  driven,  each  case  being  treated  as  the 
conditions  require.  Upon  this  the  superstructure  must  be  laid. 
This  must  be  some  departure  from  the  cross-tie  laid  on  ballast. 
Nothing  can  be  expected  from  any  longitudinal  support  laid  on 
ballast,  for  it  can  be  shown  that  unless  some  transverse  support  is 
given  to  the  longitudinals,  it  will  be  impossible  to  keep  such  a  track 
in  surface. 


'-^^ 


-. 


Fig.  2. 


In  the  Railroad  Gazette  for  March  15th,  1907,  there  is  published 
an  article  by  Mr.  Gustav  Lindenthal,  M.  Am.  Soc.  C.  E.,  showing 
a  form  of  steel  longitudinal  support  for  track  rails.  (Fig.  2.)  This 
shows  a  rock  ballast  under  two  longitudinals,  covered  by  a  sand 
or  gravel  filling.  Think  of  putting  down  a  bed  of  clean  rock  for 
ballast,  and  then  covering  it  with  sand,  as  though  the  difficulty  in 
keeping  the  ballast  clean  is  not  enough  without  mixing  it  with  sand. 
Referring  to  the  cross-section  of  the  steel  longitudinal  system  shown 
above,  it  will  be  seen  that  when  the  system  is  in  place  as  the  author 
shows,  there  will  be  a  nice  little  prism  of  broken  stone  supporting 
the  steel  girder  upon  which  the  rail  is  to  rest.  Now  when,  with  a 
good  deal  of  labor  this  broken  stone  is  packed  into  just  the  right 
shape  why  not  put  something  into  it  that  will  keep  it  there,  instead 
of  having  it  jarred  out  of  place  by  the  traffic.  This  form  of  track 
is  being  tried  experimentally  by  the  Pennsylvania  Railroad  on  the 
Philadelphia  Division,  and  the  experience  they  are  having  with  it 
is  exactly  as  should  be  expected.  It  is  impossible  to  keep  such  a 
track  in  surface.  The  reason  for  this  is  not  difficult  to  find.  Just 
turn  the  cut  showing  the  cross-section,  upside  down,  and  if  you 
assume  the  pressure  on  the  ground  as  uniformly  distributed,  you 
can  at  once  realize  the  tendency  of  the  prisms  under  the  rails  to 
flatten  out,  and  this  is  exactly  what  takes  place  in  this  form  of  track 
today.  The  system  of  longitudinal  support  will  never  prevail  unless 
combined  with  some  transverse  support. 

But  how  can  this  be  accomplished?  Take  the  present  form  of 
track,  with  cross-ties  sawed  to  dimensions  and  surfaced  on  one  side 
to  uniform  thickness,  laid  on  a  rock  ballast  at  least  16  inches  deep. 
Insert  steel  I  beams  temporarily  under  the  ends  of  the  ties,  so  that 
each  tie  will  have  a  full  bearing  on  the  beam  at  each  end.     Fig.  3. 
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The  steel  beams  are  to  be  of  the  "Special"  type  with  broa<l  flanges 
to  be  rolled  by  the  Bethlehem  Steel  Company.  The  beams  arc  to 
be  tied  together  by  tie  rods  spaced  two  feet  centers.  mfine 
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Fig.  4- 

Proposed  Track  for  East  River  Tubes,  adapted  from  London  Tubes. 
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the  ballast  between  the  beams.  On  the  ends  of  the  ties  previously 
laid,  place  a  bond  timber,  notched  over  the  ties  at  least  one  inch, 
and  hold  the  same  down  by  means  of  a  hookbolt,  passing  through 
the  tie,  and  anchored  to  the  inside  flanges  of  the  beams.  An  angle 
iron  nosing  on  the  inside  of  the  bond  timber  serves  as  a  guard  rail. 
.After  all  is  in  place,  the  extraneous  ballast,  that  outside  of  the 
beams,  is  removed.  No  part  of  this  operation  need  interfere  with 
traffic.  In  bringing  such  a  track  to  surface,  the  entire  structure  is 
to  be  lifted  by  means  of  track  jacks  placed  under  the  flanges  of 
the  beams.  After  the  ballast  is  once  in  place,  very  little  work 
should  be  necessary  to  keep  such  a  track  in  surface.  The  ballast 
is  confined  between  the  beams,  so  that  an  arch  action  can  take  place, 
with  the  thrust  of  the  arch  taken  up  by  the  tie'rods.  This  assump' 
tion  makes  it  possible  to  find  the  tension  on  the  rods  and  properly 
proportion  them. 

But,  how  does  this  form  of  track  offer  any  advantage  over  the 
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present  form  of  track?  Solely  in  the  introduction  of  the  longi' 
tudinal  beams.  These  beams  are  to  perform  two  distinct  functions. 
First,  the  special  beam,  with  its  broad  flanges,  having  a  moment  of 
inertia  equal  to  five  times  that  of  an  So  pound  rail,  and  with  8  per 
cent  less  metal,  should  do  just  five  times  the  work  done  bv  the  rail 
when  both  are  working  together  under  the  same  conditions,  neg- 
lecting the  work  done  between  the  cross-ties  in  either  case.  The 
work  done  by  the  rail  would  then  be  principally  to  distribute  the 
load  over  the  ties,  and  not  to  make  up  for  the  deficiencies  in  the 
substructure,  as  it  does  now.  Second,  in  confining  the  ballast, 
and  thereby  preventing  the  track  structure  from  working  its  way 
down  through  the  ballast,  as  it  does  now  in  the  present  form  of 
track ;  where  under  heavy  traffic,  the  ballast  is  kept  in  constant 
motion  during  the  passage  of  trains ;  and,  as  the  particles  of  the 
granular  mass  are  free  to  move,  they  follow  the  lines  of  least  re- 
sistance, that  is,  out  from  under  the  ties.     This  explains  why  the 


Fig.  6. 

Proposed  Track  for  East  River  Tubes,  submitted  by 

J.  W.  Schaub,  C    I 
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ballast  is  so  unstable,  and  accounts  for  the  enormous  amount  ot 
labor  necessary  to  keep  a  track  in  surface  and  alinement.  With 
the  proposed  form  of  track,  on  a  solid  substructure,  this  should 
largely  disappear.  After  this  form  of  track  has  been  proven  by 
experiment  to  be  correctly  designed,  the  timber  should  be  removed, 
and  the  ballast  replaced  by  concrete,  flush  with  the  tops  of  the 
beams,  forming  a  permanent  substructure  upon  which  the  super- 
structure is  to  be  placed.  At  the  same  time  the  steel  beams  can  be 
removed.  This  superstructure  should  be  some  form  of  longitudinal 
support  bedded  in  concrete,  so  as  to  distribute  the  loads  over  large 
areas,  offer  perfect  drainage  and  be  absolutely  imperishable  and 
unyielding. 

DISCUSSION. 

Mr.  W.  A.  Field:  Mr.  Schaub's  paper  is  a  very  interesting  one. 
All  I  know  about  the  question  of  the  advisability  of  making  a  solid 
foundation  for  the  road-bed  is  what  I  have  gathered  from  talking 
with  Mr.  Griswold.  It  has  been  found  on  some  of  the  roads  where 
stone  ballast  has  been  placed,  that  the  substructure  will  not  hold 
moisture,  and  therefore  does  not  freeze  in  the  winter:  how- 
ever, during  the  winter  months  I  understand  the  breakages  are  great- 
est ;  also  that  the  rails  laid  on  that  kind  of  substructure  stand  up  better 
because  there  is  more  elasticity  than  in  roads  where  ballasted  with 
gravel,  and  which  in  the  winter  time  freezes  into  this  solid  condition 
mentioned.  The  breakages,  however,  on  the  roads  with  gravel  for 
ballast  have  occurred  mostly  on  one  side  of  the  track,  and  it  has 
been  found  that  the  drivers  of  the  engine  last  passing  over  it  were 
out  of  balance  so  many  units  in  measurement.  What  I  am  trying 
to  get  through  my  mind  is  what  is  best  to  adopt  as  standard  for  sub- 
structures in  winter  when  we  know  it  will  freeze,  and  at  the  same  time 
give  a  certain  amount  of  elasticity  to  the  track. 

We  did  lay  a  ioo-lb.  rail  on  a  solid  concrete  foundation  in  which 
was  imbedded,  at  the  usual  standard  spacing,  short  ties — say,  24  or 
so  inches  long — allowing  the  rail  to  come  in  contact  with  the  concrete 
in  the  intervening:  spaces.  We  were  running  over  these  rails  very 
heavy  ore-unloading  machines,  and  our  experience  for  the  first  sea- 
son was  that  they  gradually  flattened  out  until  the  rails  increased  in 
width  of  head  about  one-half  inch.  I  do  not  recall  the  wheel  loads 
on  those  unloaders. 

Mr.  IV.  H.  Finley,  m.w.s.e.  :    Were  they  not  excessive? 

Mr.  Field:  Yes;  however,  the  engineers  who  designed  them  fig- 
ured that  the  wheel  load  was  not  excessive  for  the  fibre  strain  of  the 
steel  of  the  track.  We  braced  them  up,  however,  and  put  shims  all 
over  them  so  there  was  a  wooden  strip  the  whole  length  of  the  track, 
which  gave  the  effect  of  sort  of  a  cushion.  Since  then  the  rails  have 
not  played  out  as  rapidly  as  before.  Tt  is  hard  to  make  a  general 
statement  of  just  what  would  be  the  best  standard  to  adopt. 

Mr.  Finley:  If  those  rails  were  first  laid  on  an  unyielding  foun- 
dation there  was  no  fibre  stress  involved. 
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Mr.  Field :    I  accept  your  amendment. 

I  question  one  thing  in  Mr.  Schaub's  report.  I  think  that  that 
crystallizing  might  be  due  to  the  pounding  on  the  rail ;  that  metal 
has  been  in  the  track  four  years  for  the  use  of  a  high  speed  railroad, 
and  it  is  a  serious  question  whether  the  steel  was  of  that  character 
when  it  went  into  the  track.  We  find  in  the  rollers  on  the  table-  at 
our  mills  that  after  a  certain  time  the  bearings  will  fall  apart  like  a 
piece  of  glass,  and  after  the  continued  pounding  with  the  heavy 
weight  passing  over  them  they  will  break  off,  and  show  the  most 
beautiful  crystalline  fracture. — just  like  a  piece  of  rock  crystal. 

Mr.  F.  H.  Drury,  assoc.  m.w.s.e.  :  A  great  majority  of  :he  breaks 
occur  near  the  end  of  the  rail.  If  you  eliminate  the  inherent  weak- 
ness in  the  joint,  so  that  the  joint  of  the  track  is  as  strong  as  the  rail 
itself,  have  you  not  eliminated  the  great  danger  of  breakage ?  If  by 
puting  supports  in  the  side,  additional  to  the  tie  plate,  and  bolting 
supports  underneath  so  that  the  joint  is  made  as  strong  as  the  rail 
itself,  no  matter  how  heavy  the  load  going  over  it,  there  will  be  no 
great  deflection  at  the  joint.  In  this  way  will  not  the  greater  part  of 
the  danger  be  eliminated? 

Mr.  Schoub :  That  question  can  oe  answered  by  examining  any 
standard  track  when  you  will  find  the  characteristic  dip  in  the  rail 
at  the  joint.  You  may  not  be  able  to  see  it  with  the  eye,  but  it  is  there 
because  no  joint  is  made  as  strong  as  the  rail. 

Mr.  Drury:  But  if  the  joint  could  be  made  as  strong  as  the  rail, 
then  I  presume  that  difficulty  would  be  overcome. 

Mr.  Finley:  Mr.  Schaub.  in  starting  out  in  his  paper,  stated  that 
an  observer  of  a  track  with  a  heavy  load  passing  over  it  could  see 
that  wave  action,  yet  he  assumes  for  his  deflection  that  it  fulcrumed 
around  the  adjoining  tie.    I  do  not  think  that  follows. 

Mr.  Schaub :  The  assumptions  made  do  not  give  the  actual  de- 
flection, and  are  only  approximately  true.  If  you  assume  that  the 
rail  bends  between  two  supports,  or  at  a  joint  until  it  finds  a  bearing, 
the  deflection  will  be  independent  of  the  weight  of  the  rail.  Within 
certain  limits  this  must  be  true. 

Mr.  F.  X.  Layfield,  m.w.s.e.:  Mr.  Schaub's  idea  is  based  on  the 
assumption  that  there  is  an  exact  point  where  the  rail  will  stop  de- 
flecting, and  that  will  be  the  same  whether  the  rail  is  light  or  heavy. 

Mr.  Schaub:  That  condition  wouid  correspond  to  that  of  a  low 
joint. 

Mr.  Layficld:  But  with  a  light  rail  the  deflection  would  be  greater 
than  with  a  he  aw  rail.  If  there  were  a  bed  below  the  tie  absolutely 
fixed  and  solid,  that  would  alter  the  case,  but  such  conditions  do  not 
exist.  The  end  of  a  light  rail,  as  a  matter  of  fact,  does  go  down 
lower  than  a  heavv  rail. 

Mr.  E.  E.  R.  Tratman.  m.w.s.e.:  It  is  rather  a  curious  fact  that 
after  all  these  vears  no  track  has  been  constructed  as  an  engini  ering 
structure  for  experiment.    We  have  experimented  r.  tun- 

nels, locomotives  and  cars.     But  with  the  excepti< ■■  ira- 
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tively  small  increase  in  weight  of  rails,  the  track  is  now  what  it  was 
twenty-five  or  thirty  years  ago.  It  would  be  interesting  and  instruct- 
ive to  have  some  practical  trials  made  with  the  substructure  as  pro- 
posed by  Mr.  Schaub,  or  various  other  proposed  constructions,  be- 
cause as  a  matter  of  fact,  we  have  very  little  knowledge  of  anything 
but  the  simple  combination  of  rail,  tie  and  ballast  in  track  construc- 
tion. 

Mr.  W.  M.  Camp:  I  think  Mr.  Schaub  has  certainly  put  forth  a 
new  idea  when  he  claims  that  the  fibre  stress  in  heavy  rails,  like  90-lb. 
rails,  theoretically  should  be  greater  than  what  it  is  in  60-lb.  rails 
under  the  same  loads.  Possibly  such  a  Conclusion  may  all  be  due  to 
his  assumption  that  the  tie  is  going  to  be  depressed  the  same  depth 
every  time  the  wheel  load  pases  over  it.  without  regard  to  the  stiff- 
ness of  the  rail.  From  a  practical  standpoint  the  heavier  and  stiffer 
rail  should  distribute  the  load  over  more  ties  than  the  (~>o-lb.  rail.  I 
therefore  think  it  wrong  to  assume  that  the  ties  will  be  depressed 
as  far  under  the  90-lb.  rail  as  they  will  be  under  the  60-lb.  rail. 

I  hardly  think  it  fair  to  bring  up  at  this  time  the  question  of  broken 
rails  as  evidence  of  a  wrong  type  of  track  structure.  It  certainly 
seems  that  the  record  of  broken  rails  shows  the  trouble  to  be  in  the 
quality  of  the  metal.  The  majority  of  rails  which  have  broken  dur- 
ing the  past  two  or  three  years  have  been  90-lb.  or  100-lb.  rails,  and 
there  have  been  comparatively  few  60-lb.  or  70-lb.  rails  broken. 

The  gentleman  who  seems  to  be  talking  from  the  standpoint  of  the 
mill  man  raised  the  question  whether  the  action  of  the  traffic  would 
not  crystallize  the  rails.  That  matter  has  been  looked  into  a  great 
deal,  especially  in  England,  but  there  is  no  proof  that  crystallization 
occurs.  Some  ten  or  twelve  vears  ago  there  was  a  bad  wreck  in 
England  caused  by  a  broken  rail,  it  having  broken  into  several  pieces. 
The  question  was  raised  whether  the  rail,  which  had  been  in  service 
for  a  long  time,  had  not  been  crystallized.  It  was  found  that  the 
metal  in  that  particular  rail  was  very  brittle,  but  examination  of  other 
rails  in  the  same  track,  which  had  seen  the  same  length  of  service, 
found  no  evidence  of  crystallization  of  steel  below  a  very  minute 
depth  on  top  of  the  rail,  something  like  a  depth  of  0.01  of  an  inch — 
which  was  understood  to  have  been  caused  by  the  cold  rolling  from 
the  wheels ;  but  whatever  change  there  might  be  in  metal  to  that 
depth  would  make  no  sensible  difference  in  the  strength  of  the  rail. 
I  believe  the  question  has  been  investigated  to  some  extent  in  this 
country,  but  it  has  never  been  established  that  the  action  of  the  traffic 
will  change  the  crystallization  of  the  metal  from  what  it  was  when 
the  rail  was  manufactured. 

That  man  Wohler.  who  performed  his  experiments  by  reversing 
the  stress  so  many  million  times  on  steel  and  finally  rendering  it  brit- 
tle, has  caused  no  end  of  discussion  on  the  question  of  the  "fatigue  of 
metal,"  but.  so  far  as  rail  and  bridge  steel  are  concerned,  it  has  never 
assumed  anything  more  than  academic  importance. 

With  reference  to  Mr.  Schaub's  proposed  track,  I  hope  that  some 
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railroad  will  take  it  up  and  experiment  with  it  in  actual  service,  to 
see  how  it  will  work.    That  is  the  best  that  can  be  said  for  it.     I 
cannot  tell  what  a  proposed  construction  will  do  until  he  has  seen  it 
in  service,  unless  it  is  so  very  bad  that  it  is  worthless  on  the  faci 
things. 

It  is  true  that  a  great  deal  of  expense  in  maintaining  track  is  caused 
by  the  ties  settling  into  the  ballast.  Of  course,  if  we  have  a  concrete 
bed  for  the  ties  they  could  not  settle  into  it  without  breaking  up  the 
concrete.  However,  if  one  examines  into  proposed  construction 
carefully,  the  first  question  is,  have  we  after  all.  a  good  foundation  for 
the  track?  The  reason  that  the  cross-tie  type  of  track  is  standard 
the  world  over,  is  because  it  affords  facility  for  repair  of  track  sur- 
face. How  is  one  going  to  get  a  solid  foundation  for  track? 
Through  a  rock  cut  we  may  get  it,  but  what  is  one  to  do  on  a  fill  ? 
There  one  must  lay  the  track  on  soft  material,  and  that  is  the  best 
that  can  be  done.  How  much  better  off  are  you,  if  you  put  a  slab 
of  concrete  on  top  of  that?  We  know  what  frost  does  when  it  gets 
under  concrete  sidewalk.  Suppose  that  frost  gets  under  the  concrete 
slab  which  supports  the  track?  Will  it  not  heave  like  the  concrete 
sidewalk?  From  the  lantern  view,  I  infer  that  the  depth  would  be 
something  like  2  ft.  Of  course,  if  you  can  keep  water  from  it,  that 
will  be  an  important  point  gained,  but  when  one  considers  a  heaw 
load  running  at  high  speed,  the  question  arises  whether  it  would 
not  be  liable  to  break  up  the  concrete  bed.  I  do  not  think  Mr.  Schaub 
would  propose  to  lay  that  track  on  a  newly  built  embankment.  If 
he  did  it  would  settle  and  require  raising  to  surface  frequently. 

Mr.  Schaub:  Do  you  not  think  that  the  breakage  of  rails  is  a 
particularly  heavy  expense? 

Mr.  Camp:  Yes,  but  the  railroad  companies  are  crediting  that 
trouble  to  the  mill  men.  If  we  can  get  rails  that  will  not  break,  that 
question  will  be  disposed  of. 

You  must  bear  this  in  mind  with  reference  to  track :     It  is  on  the 
surface  of  the  ground,  and  while  the  stiffness  of  the  rail  helps  to 
support  the  track,  it  does  not  do  all  the  supporting.     The  ground 
must  be  relied  upon  to  some  extent  for  what  we  call  "beam  strength," 
and  the  deflection  of  the  track  downward  produces  a  wav< 
in  the  ground.     Some  engineers  seem  t<>  think  that  ballast  all 
extra  stiffness  over  that  of  the  ground  in  its  undulations  when  a  load 
is  passing.     I  doubt  it ;  I  question  whether  a  lay. 
stiff  as  a  laver  of  well  compacted  soil  of  the  same  depth. 

As  for  providing  a  stiff  structure  to  support  the  track,  one  h 
rails  and  the  ground,  and  of  course,  the  groui  variable  m 

supporting  strength.     Through  a  swamp  it  is  quit 
rock  cut  it  is  at  its  best :  so  there  are  all  sorts ,  ,f  a  >nditii  »i 
under  the  track.  . 

It  seems  to  me  that  the  most  important  question  in  connection  with 
Mr.  Schaub's  construction  is  whether  the  slab  of  conci  >mg 

to  afford  enough  extra  stiffness,  combined  with  that  ->t  the  ground 
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and  rails  to  eliminate  undulation  entirely.  If  it  does  not  eliminate 
wave  motion  there  will  be  the  liability  of  having  some  broken  con- 
crete. 

Mr.  Field:  Mr.  Camp  states  that  the  rails  he  had  seen  broken 
were  90  and  100-lb.  rails.  Have  you  been  running  sixty  to  ninety 
miles  an  hour  with  Atlantic  type  engines  over  any  of  the  60-lb.  rails  ? 

Mr.  Camp:  Yes,  that  was  done  ten  years  ago.  There  is  a  mis- 
conception regarding  the  increase  in  wheel  loads.  Wheel  loads  have 
increased,  but  not  overwhelmingly.  About  ten  years  ago  the  aver- 
age driver  load  of  passenger  engines' being  built  at  that  time  was  a 
little  less  than  ten  tons.  That  was  heavier  than  the  average  driver 
loads  of  the  freight  engines.  Five  years  later  the  average  load  had 
increasd  to  about  n}i  tons.  At  the  present  time  the  average  drivei 
load  of  passenger  engines  is  somewhere  between  12  and  13  tons, 
with  15  tons  as  the  extreme  in  a  few  cases.  While  we  have  many 
enginecs  weighing  over  100  tons,  we  must  take  into  consideration 
that  they  have  more  wheels  than  formerly.  By  putting  trailers  on 
the  eight-wheel  engine  we  have  developed  the  Atlantic  type ;  and  bv 
putting  trailing  wheels  on  the  ten-wheel  engine  the  Pacific  type  has 
been  produced,  and  so  on.  With  increase  in  weight  of  locomotives 
there  has  come  about  the  practice  of  using  trailing  wheels  behind  the 
drivers,  so  that  axle  loads  or  wheel  loads  are  not  as  heavy  as  they 
would  have  been  had  the  same  increase  in  weight  been  made  by  piling 
up  weight  on  wheel  bases  of  the  old  types,  even  if  such  would  have 
been  done.  The  extremely  heavy  locomotives,  or  those  weighing  more 
than  125  tons,  have  the  Mallet  articulated  wheel  base  with  the  weight 
distributed  on  twelve  or  sixteen  driving  wheels,  so  that  the  wheel 
loads  are  really  no  greater  than  with  some  locomotives  of  ordinary 
types  but  a  good  deal  lighter  in  total  weight. 

It  is  true  that  the  average  speed  of  today  is  somewhat  faster  than 
that  of  ten  years  ago,  but  not  so  much  as  is  someimes  stated.  Speeds 
of  60  miles  an  hour  and  higher  were  made  25  years  ago,  but  that  was 
,  not  an  average  speed,  and  no  train  in  this  country  is  making  that  as 
an  average  speed  today,  although  70  to  80  miles  an  hour  is  common, 
between  stops. 

Mr.  Field:  I  have  had  many  arguments  in  regard  to  the  18-hour 
train  to  New  York.  Certain  parties  have  told  me  that  they  had 
kept  time  between  stations  riding  on  both  the  18-hour  and  22-hour 
trains,  going  and  coming,  and  they  say  that  the  train  that  takes  four 
hours  longer  makes  four  hours  more  stops  and  runs  at  about  the 
speed  of  the  18-hour  train ;  however,  this  information  may  not  be 
correct. 

Mr.  Camp :  If  course,  trains  today  run  considerably  faster  than 
they  did  some  years  past,  but  even  twenty-five  years  ago  it  was  fre- 
quently the  case  that  a  train  would  run  60  miles  an  hour — even 
freight  trains  did  it  sometimes  "between  stations."  You  will  find 
that  wheel  loads  are  about  25  per  cent,  heavier  on  an  average  than 
ten  years  ago,  and  the  average  speed  of  through  passenger  trains, 
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taking  a  number  of  roads  into  consideration,  perhaps  10  or  15  per 
cent,  faster. 

Mr.  Field:  This  question  of  segregation  has  been  gone  into  by 
steel  manufacturers  all  over  the  world.  I  venture  to  say  the  I  iermans 
have  investigated  it  to  the  limit.  We  Americans  go  to  Germany  and 
find  that  patents  have  run  out  there  on  pr  we  have  evolved 

here  and  thought  were  new.  There  is  such  a  thing  as  segregation. 
You  will  find  segregation  in  both  Bessemer  and  Open-hearth  steel. 
You  do  not  find  as  much  in  the  lower  carbon  steel  as  in  the  higher. 
"When  I  first  started  in  the  mill  business  in  1891,  anything  that 
steel  went  into  rails.  The  railroads  made  no  specifications  because 
the  steel  made  then  stood  up  ten  or  fifteen  years.  The  first  rails  I 
remember  of  having  been  taken  up  were  said  to  have  been  in  fifteen 
years. 

Mr.  Finley :  Do  you  think  the  manufacture  of  rails  was  better 
then  than  now  ? 

Mr.  Field:  It  has  not  been  changed  at  all. 

Mr.  Finley:    Is  the  mechanical  treatment  also  about  the  same? 

Mr.  Field :  The  rolls  are  the  same  as  years  ago ;  we  have  the  same 
engines  which  make  the  same  number  of  revolutions. 

The  question  comes  up  as  to  the  speed  with  which  rails  are  manu- 
factured. If  you  multiply  the  number  of  revolutions  of  the  engine 
by  the  periphery  of  the  rolls  and  put  a  continuous  stream  or  bar  of 
rails  through  there,  we  would  make  three  thousand  tons  in  twelve 
hours,  theoretically.  The  old  conditions  were  that  they  did  not  have 
a  sufficient  supply  of  steel  to  begin  with.  They  rolled  an  ingot  and 
had  plenty  of  time,  but  that  ingot  went  through  at  exactly  the  same 
speed  as  today.  This  fast  rolling  is  not  due  to  speeding  up  the  ma- 
chinery, but  to  the  elimination  of  delays  that  have  existed  before. 
We  have  one  ingot  closer  to  the  other  than  before.  We  figure  that 
we  get  more  work  on  a  rail,  and  that  we  are  making  better  rails  than 
ever  before. 

Mr.  Finley :  Do  you  think  better  results  are  obtained  from  Open- 
hearth  than  from  Bessemer  steel  under  present  conditions? 

Mr.  Field:     I  do  not  know  anything  about  the  results  that  have 
been  obtained  from  the  rails  made  at  Ensley,  Alabama.    I  have  heard 
varying  reports.     I  do  know  this, — that  if  the  carbon  was  redu 
the  breakages  would  decrease,  but  the  wear  of  the  rail  would  prob- 
ably increase. 

With  reference  to  high  speeds.  I  noticed  the  other  day  some  rails 
at  the  Sixtieth  Street  Station,  Illinois  Central  R.  R..  which  were  made 
in  1896:  they  were  just  as  smooth  as  glass  and  will  !  ten 

years  from  now. 

Mr.  Drury:     I  cannot  help  but  think  that  the  breakages  are  due 
more  to  the  foundation  than  the  rails  themselves.     My  experi 
perhaps  old,  because  of  late  years  my  work  has  not  been  along  those 
lines.     In   1880  T  was  connected  with  the  road  department  of  an 
Eastern  railroad.     We  did  not  have  a  broken  rail  a  week.     1  came 
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out  West  in  1882  and  was  connected  with  a  Western  railroad;  we 
used  to  figure  that  we  were  getting  out  lucky  if  we  had  no  more 
than  two  or  three  a  day,  but  the  track  was  in  much  poorer  condition, 
so  I  cannot  help  getting  back  to  the  fact  that  if  you  can  make  the 
joint  as  stiff  as  the  rest  of  the  rail  you  are  going-  to  have  your  rail 
motion  continuous  from  time  to  time ;  then  I  think  you  will  have 
possibly  an  ideal  track. 

Another  thing  we  have  to  consider  is  that  the  economic  conditions 
are  such  that  nine-tenths  of  the  railroad  companies  will  never  be  in 
a  position  to  adopt  any  such  elaborate  system  as  concrete  foundation 
of  superstructure  as  outlined.  I  think  nine-tenths  of  the  railroad 
tracks  for  the  next  hundred  years  will  have  to  be  built  on  top  of  the 
ground  and  that  the  ground  is  the  best  foundation  there  is. 

Mr.  Field:  I  think  this, — when  railroads  begin  to  specify  open- 
hearth  process  they  will  have  to  begin  at  a  reasonable  percentage  of 
carbon  and  feel  their  way  up.  Whether  the  Bessemer  process  is  at 
the  end  of  its  career  or  not,  I  do  not  know. 

Mr.  C.  V.  Weston,  m.w.s.e.:  I  would  ask  Mr.  Field  in  regard  to 
the  wear  of  rails  under  similar  conditions  of  traffic.  I  have  been  en- 
gaged in  building  a  type  of  railway  for  city  transportation  where 
there  is  not  the  excessive  load  that  occurs  on  steam  roads,  but,  over 
and  against  that,  we  do  have  the  frequency  of  service.  We  have 
been  maintaining  track  on  rather  sharp  curvature  under  this  traffic, 
and  up  to  four  or  five  years  ago,  under  practically  uniform  conditions 
of  traffic,  we  obtained  from  eighteen  months'  to  two  years'  wear  out 
of  the  rails.  Today,  under  nearly  similar  conditions,  we  are  renew- 
ing the  rails  on  those  same  curves  in  from  eight  to  ten  months. 

I  have  been  trying  to  get  some  reliable  information  on  this  subject 
and  have  several  times  submitted  it  to  manufacturers  of  rails,  but 
they  have  never  given  me  a  real  answer  to  the  following  question: 
why,  under  the  same  conditions  of  traffic,  on  the  same  curves,  at  the 
same  rates  of  speed  do  we  get  only  half  as  much  wear  out  of  the 
rails  as  we  formerly  did — the  weight  of  rails  and  the  specifications 
under  which  they  are  manufactured  being  almost  identical? 

Mr.  Field :  I  have  never  heard  any  arguments  in  that  connection. 
What  is  the  reason  that  with  more  passes  you  make  a  better  rail  than 
with  less  passes? 

Mr.  Finley:  The  more  processes  you  put  the  rails  through  the 
more  the  mechanical  work,  and  you  would  get  the  same  result  that 
vou  do  in  forging.  But  is  it  not  a  fact  that  by  putting  the  steel 
through  a  greater  number  of  passes  you  would  get  that  much  more 
mechanical  work  on  it,  more  of  that  forging  work,  making  the  metal 
denser? 

Mr.  Field:  From  microscopical  examination  of  cross  sections 
from  different  passes,  there  is  a  denser  condition  of  the  metal  all  the 
way  down  and  more  uniform  condition  on  the  outside  of  the  rail  now 
than  formerly. 

Mr.  Finley:     In  regard  to  the  question  of  crystallization.     That 
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has  been  a  strong  subject  among  engineers  and  Mr.  Camp  mentions 
that  experiments  of  railways  have,  in  a  way,  settled  the  matter.  I 
would  ask  Mr.  Schaub  if,  in  his  opinion,  any  repeated  stress  of  ma- 
terial within  its  elastic  condition  will  produce  crystallization  ? 

Mr.  Schaub:    When  a  wheel  rolls  over  a  rail,  which  is  properly 
supported  and  the  load  is  heavy  without  producing  abrasion,   the 
rolling  action  should  really  reduce  the  crystallization.    Il 
of  cold  rolling  and  there  is  no  evidence  whatever  that  crystallizal 
is  produced  by  the  wheel  passing  over  the  rail. 

Mr.  G.  H.  Bremner,  m.w.s.e.  :  Nearly  every  engineer  who  has 
investigated  track  matters  can  bring  to  mind  examples,  showing  the 
poor  quality  of  rail  now  being  made. 

I  recall  where  we  have  a  stretch  of  85-lb.  rail,  which  has  been  in 
the  track  two  years,  and  beside  it  in  the  same  track,  under  similar 
conditions,  is  a  stretch  of  85-lb.  rail  which  has  been  in  the  track 
twelve  years,  and  the  Roadmaster  is  of  the  opinion  that  the  rail  which 
has  been  in  the  track  twelve  years  is  the  better  of  the  two  and  will 
stand  more  wear.  It  is  general  knowledge  that  the  lighter  rails  will 
stand  comparatively  more  wear  than  the  heavy  ones.  The  66-lb. 
rails  (of  which  we  have  a  great  many),  wear  better  and  do  not,  com- 
paratively, break  as  readily  as  the  85-lb.  rails ;  a  56-lb.  rail  is  often  a 
better  wearing  rail  than  a  66-lb.  rail.  Not  that  the  56  or  66-lb.  rails 
would  be  good  for  very  heavy  engines  on  account  of  their  lightness, 
and  on  account  of  their  lack  of  stiffness,  not  acting  as  a  beam  as  the 
heavy  rails  do.  The  recent  breakage  of  rails  does  not  appear  to  have 
occurred  with  the  greatest  proportion  of  breaks  at  the  joints.  In 
the  last  six  months  I  have  noticed  that  more  rails  have  broken  be- 
tween the  joints  at  the  middle  of  the  rails  than  at  the  joints. 

Mr.  H.  G.  Griswold:  I  have  noticed  one  fact,  that  the  breakages 
are  always  largely  on  one  side  of  the  track  in  any  particular  case.  In 
one  instance  143  breaks  occurred  in  a  night;  142  of  these  were  on  left 
hand  side  of  the  track.  The  breaks  did  not  occur  chiefly  at  the  ends, 
but  all  along  at  various  parts ;  as  many  breaks  at  one  part  of  the 
rail  as  another.  I  have  investigated  five  or  six  of  the  largest  break- 
ages, and  in  every  case  they  were  practically  all  on  one  side  of  the 
track.  They  occurred  in  very  cold  weather  when  the  roadbed  was 
frozen  solid^  and  at  points  where  speed  was  very  high.  In  the  case 
where  the  143  breaks  occurred  the  speed  was  at  about  ninety  miles 
an  hour.  The  engine  that  did  the  breaking  was  located  by  the  fail- 
ures of  the  automatic  block  signals.  The  Mechanical  Department 
could  not  find  anvthing  wrong,  but  there  must  have  been  something 
wrong  on  one  side.  From  the  counterbalance  record  of  the  locomo- 
tive, as  it  left  the  locomotive  works,  we  figured  that  at  90  miles  per 
hour  the  wheel  load  would  vary,  due  to  the  disturbance  generated 
by  the  counterbalance  weight  added  to  balance  the  recu 
parts,  from  10,500  pounds  to  4I0OO  pounds,  six  times  a  second. 
sixty  miles  per  hour  the  variation  was  much  I  in- 

creased the  variation  was  more;  this  is  with  the  engine  in  perfect 
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order.     With  a  driving  wheel  out  of  round  there  might  be  such  a 
variation  as  to  actually  lift  the  wheel  off  the  rail. 

We  also  figured  on  another  type  of  egnine — an  Atlantic  type — 
and  found  at  a  speed  of  ninety  miles  an  hour  the  pressure  between 
the  front  driving  wheels  and  the  rails  varied  from  4,000  to  48,000 
pounds,  six  times  a  second.  If  the  engine  and  track  were  in  perfect 
order  the  wheel  would  not  lift  off  the  rail,  but  if  the  wheel  were  a 
little  out  of  round  it  might  lift  off  the  track,  and  if  a  wheel  is  lifted 
in  this  way,  something  is  liable  to  break  when  it  comes  down,  as  it 
would  descend  with  a  true  hammer  blow.  The  maximum  pressure 
of  the  main  driver,  when  using  steam,  was  about  57,500  pounds. 

Mr.  Schaub :  I  think  the  whole  difficulty  is  not  in  the  high  carbon. 
About  ten  or  twelve  years  ago  I  happened  to  be  a  witness  in  a  law 
suit  brought  against  a  pipe  company ;  certain  pipe  had  been  con- 
demned on  account  of  the  high  phosphorus.  An  analysis  was  made 
of  the  pipe,  when  it  was  discovered  that  there  were  ten  points  of 
phosphorus  in  the  pipe,  and  the  customer  refused  to  pay  for  it,  which 
resulted  in  a  law  suit.  Testimony-  was  given  on  the  stand  by  one  of 
the  pipe  manufacturers,  who  was  entirely  disinterested  in  the  matter, 
to  the  effect  that,  owing  to  the  low  carbon  in  the  steel  (the  pipe  was 
lap-welded),  it  was  necessary  to  have  at  least  ten  points  of  phospho- 
rus, in  order  to  cut  a  thread  on  the  pipe.  The  case  was  won  by  the 
manufacturer  on  that  testimony. 

The  American  Society  of  Civil  Engineers  have  been  trying  to  re- 
duce the  phosphorus  in  conformity  to  the  increase  in  carbon,  and  I 
do  not  see  why  the  steel  companies  do  not  meet  their  views  and  re- 
duce the  the  phosphorus  in  the  high  carbon  steel.  It  seems  danger- 
ous to  leave  the  phosphorus  the  same  and  raise  the  carbon- 
Mr.  Camp :  Mr.  Finley  asked  in  regard  to  the  open-hearth  pro- 
cess. It  is  a  fact  that  rail  metal  has  deteriorated  chemically.  Twenty 
years  ago  the  phosphorus  limit  was  8  points  ;  it  has  gradually  gone  up 
and  now  it  is  10  points  and  above.  I  recently  saw  a  record  of  analy- 
sis of  some  rails,  having  11  ^  points  of  phosphorus.  There  were  a 
large  quantity  of  rails  in  use  on  one  of  the  trans-continental  roads, 
and  I  believe  it  is  now  quite  general  that  the  rails  go  as  high  as  10 
points  in  phosphorus. 

The  reason  why  the  mills  do  not  reduce  the  phosphorus  is  because 
it  is  in  the  ore,  and  because  the  rails  are  made  by  the  acid  Bessemer 
process.  In  order  to  remove  phosphorus  it  must  be  made  by  the  ba- 
sic method,  and  in  this  country  the  basic  method  is  worked  only  in 
connection  with  the  open-hearth  process.  With  the  open-hearth 
process  it  is  much  easier  to  work  steel  by  the  basic  method  than  is 
the  case  with  the  Bessemer  process.  By  the  basic  method  all  of  the 
phosphorus  can  be  taken  out  of  the  iron,  if  desired,  and  it  actually 
is  taken  down  to  about  5  points.  A  little  remaining  is  desirable.  As 
the  phosphorus  is  increased  the  carbon  must  be  decreased  in  order 
to  avoid  brittle  steel.  If  there  is  high  phosphorus  there  cannot  be 
high  carbon  and  still  have  a  tough  metal.     One  reason  why  steel  is 
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w  anttle  these  days  is  because  it  has  too  much  of  both  phosphorus 
and  carbon. 

In  1896  Mr.  E.  H.  McHenry  of  the  Northern  Pacific  Ry.  laid  some 
basic  open-hearth  rails  alternately  with  Bessemer  rails.  At  the  end 
of  a  year  they  were  taken  up  and  weighed  and  it  was  found  that  the 
wear  on  the  open-hearth  rails  was  only  about  one  third  of  what  it 
was  with  the  Bessemer  rails.  Soon  after  that  Mr.  McHenry  left  the 
Northern  Pacific  and  since  then  I  have  not  seen  any  further  reports 
on  the  experiment.  The  idea*  in  bringing  forward  the  open-hearth 
process  just  now  is  to  improve  the  chemical  composition  of  the  steel. 
That  is  not  the  whole  question,  however ;  the  working  of  the  steel  is 
fully  as  important  as  the  chemical  composition,  and  the  claim  in  that 
respect  at  the  present  time  is  that  the  rails  are  not  put  through  the 
rolls  as  many  times  as  formerly ;  and  that  they  are  put  through  sev- 
eral hundred  degrees  hotter  than  before.  There  is  a  certain  point, 
about  1300  degrees  Fahrenheit,  which  is  known  as  the  critical  point 
of  steel.  The  closer  to  that  point  the  work  is  done  the  better  the 
results.  If  you  get  below  that,  the  metal  is  too  cold  and  you  get  in- 
ferior results.  The  60-lb.  rails  laid  twenty  years  ago  were  finished 
at  a  temperature  of  1400  to  1500  degrees,  while  at  the  present  time 
the  finishing  temperature  is  sometimes  1750  or  1800  degrees,  and 
generally  not  much  below  that. 

Mr.  F.  A.  Delano,  m.w.s.e.  (by  letter)  :  Mr.  Schaub's  paper  shows 
very  clearly  some  of  the  conditions  which  rails  have  to  meet  in  track 
service,  and  points  out  that,  with  unequal  support,  due  to  frozen  track- 
er the  unequal  bearing  of  ties  in  the  ballast,  it  actually  throws  a 
greater  strain  on  heavy  rails  of  high  section  than  on  lighter  sections 
of  rail ;  in  other  words,  the  low,  light  section  rails,  being  more  easily 
deflected,  adapt  themselves  to  the  bearing  of  the  track  without  being 
overstrained.  Thus,  as  Mr.  Schaub  points  out,  the  fiber  stress* 
which  the  heavy  sections  of  rail  are  subjected  under  these  service 
conditions,  are  greater  than  with  the  lighter  and  more  flexible  sec- 
tions. 

Mr.  Schaub's  suggestions  for  curing  the  difficulty  are  very  inter- 
esting, but  of  course  remain  still  to  be  tried  out  and  demonstrated. 
From  the  discussion  which  there  has  already  been^upon  the  subject 
in  the  newspapers  and  elsewhere,  it  seems  quite  evident  that  there  is 
a  danger  that  we  shall  jump  at  conclusions,  which,  like  al1  hasty  con- 
clusions gathered  from  insufficient  data,  may  lead  us  in  the  wrong, 
direction,  from  which  we  shall  at  some  future  day  have  to  retrace  our 
steps. 

Now  that  the  public  press  has  taken  up  this  technical  subject  rind 
has  attempted  to  deal  with  it  in  a  manner  which  shall  be  intelligible 
to  the  average  reader,  there  seems  to  be  a  disposition  to  array  the 
railroads  against  the  steel  manufacturers  in  an  effort  to  place  the 
blame  on  one  or  the  other.  Evidently,  the  problem  must  be  studied 
sanely  and  quietly  to  determine  the  proper  solution.  Some  of  the 
remedies  that  have  been  suggested  might  be  effective,  but  are  so  un- 
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reasonable  in  respect  to  expense  that  they  cannot  be  seriously,  con- 
sidered. 

My  study  of  this  question  dates  back  twenty  years,  and  I  may 
therefore  be  pardoned  for  expressing  somewhat  definite  and  positive 
opinions.  The  principal  causes  for  the  breakage  of  rails,  as  well  as 
their  insufficient  wear,  appear  to  be : 

First :    The  chemical  composition  of  the  material  not  as  good  as  it 

should  be ; 
Second :     The  rolling  and  finishing'of  rails  at  an   excessive  tem- 
perature ;  and  in   this  is  included  what   is  known  by  steel   mak- 
ers technically  as  the  "heat  treatment,"  in  which  connection  it 
should  be  borne  in  mind  that  this  matter  of  heat  treatment  be- 
comes very  much  more  important  in  the  case  of  high  carbon 
steel  than  in  the  case  of  low  carbon  steel; 
Third:     An  insufficient  discard  from  the  top  end  of  the  ingot, 
which  results  in  about  one  out  of  every  five  rails  having  "pipes" 
and  accompanying  segregation  of  impurities  concealed  in  it. 
Of  these  three  causes  I  believe  that  the  second  and  third  are  the 
most  serious,  but  I  shall  take  them  up  in  the  order  mentioned. 
I.    Chemical  Composition  of  the  Material. 
The  acid  Bessemer  steel  process  furnishes  today  just  as  good  rail 
as  it  furnished  twenty  or  thirty  years  ago.    While  it  is  true. that  cer- 
tain ores  are  used  in  the  acid  Bessemer  process  today  which  were 
formerly  considered  too  high  in  phosphorus  to  use,  and  were  there- 
fore discarded,  still,  the  blast  furnace  pactice  of  today  and  the  Bes- 
semer process  of  conversion  have  been  so  far  refined  that  the  results 
are  much  more  uniform  than  formerly.     In  the  days  of  the  old  John 
Bown  Sheffield  steel,  it  was  not  uncommon  to  find  rails  varying  all 
the  way  from  .06  per  cent  to  .15  per  cent  in  phosphorus.    Today,  we 
would  find  the  average  quite  as  high,  but  the  variation  undoubtedly 

The  basic  open  hearth  process  is  rapidly  taking  the  place  of  the 
acid  Bessemer  process,  not  so  much  because  it  is  a  better  process,  but 
it  is  adaptable  to  the  use  of  non-Bessemer  ores,  and  ore  which  ^are 
freuently  much  cheapear  than  the  Bessemer  grades.  Ore  which  is 
suitable  for  the  acid  Bessemer  process  is  not  suitable  for  the  basic 
process,  and  vice  versa.  The  basic  open  hearth  process  has  also  some 
other  great  advantages.  It  is  very  flexible,  in  that  it  is  possible  to  use 
a  very  large  variety  of  raw  material.  It  is  capable  of  producing  a 
very  high  grade  material,  but  its  use  will  not  be  a  guarantee  of  good 
product. 
II.    The  Rolling  and  Finishing  of  Rails  at  an  Excessive  Temperature. 

In  what  has  already  been  said  and  written  on  the  subject,  a  good 
deal  of  stress  has  been  laid  on  the  slower  rolling  and  colder  finishing 
of  rails.  This  does  not  mean  cold  rolling  in  the  sense  that  it  is  used 
for  cold  rolled  shafting,  but  refers  to  rolling  at  such  temperature  as 
will  have  an  important  solidifying  effect  on  the  material.  It  is  almost 
obvious  that  an  ingot  entering  the  rolls  at  a  white  heat  and  rapidly 
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rolled  in  eighteen  to  twenty  passes,  into  a  finished  rail,  having  a  tem- 
perature of  perhaps  17000  Fahrenheit,  makes  the  material,  especially 
in  the  head  of  the  rail  where  the  mass  of  metal  is  less  exposed  to  cool- 
in~  effects,  coarse  and  granular  ;  and  the  fracture  of  one  of  the  larger 
sections  of  rail  as  compared  with  the  fracture  of  one  of  the  smaller 
sections  of  rail,  shows  without  the  need  of  a  microscope,  the  coarser 
grain  of  the  material ;  material  which  will  wear  more  rapidly  than  if 
it  had  been  rolled  at  a  lower  temperature.    A  tensile  test  am- 

ple of  this  rail  which  will  show  an  ultimate  strength  of  90,000  to 
ico.ooo  pounds  per  square  inch  with  a  very  small  reduction  in  area 
and  elongation,  will,  if  rolled  out  into  a  rod,  show  a  tensile  strength 
of  15,0.000  pounds  per  square  inch  and  considerable  elongation;  and 
if  drawn  out  into  a  wire,  will  show  a  tensile  strength  of  200,000 
pounds  per  square  inch  and  a  still  greater  elongation.  In  fact,  man- 
ufacturers of  agricultural  implements  and  the  like,  are  glad  to  nur- 
chase  worn  out  rails  and  cut  them  up  into  short  lengths,  rolling  or 
forging  the  metal  out  into  various  shapes ;  and  under  this  sort  of 
treatment  producing  a  material  of  wonderful  strength  and  toughness. 

Xor  is  it  certain  that  the  remedy  lies  in  a  demand  that  the  rail 
should  receive  more  passes.  In  forging  a  piece  of  steel,  the  forging 
may  be  reallv  more  effective  under  a  heavv.  long  stroke  steam  ham- 
mer delivering  a  few  blows,  than  under  a  light,  short  stroke  hammer 
delivering  many  blows ;  and  a  hydraulic  press  which  is  able  to  ac- 
complish the  forging  operation  in  a  single  squeeze,  gives  results 
which  are  equal  to  the  best.  What  seems  to  be  needed  to  get  good 
results  is  slower  rolling  with  large  diameter  rolls  driven  by  powerful 
machinery,  resulting  in  finishing  the  rails  at  more  moderate  temper- 
atures than  has  heretofore  been  generally  practiced. 

III.     Insufficient  Discard  from  Top  End  of  Ingot. 

In  every  ingot  or  steel  casting  there  is  a  contraction  cavity  which 
cannot  be  done  away  with  so  long  as  the  casting  is  cooled  from  the 
outside  inward.  The  structure  of  steel  thus  cast  is  very  similar  to 
that  of  artificial  ice.  the  columnar  crystallization  of  which  is  familiar 
to  every  one.  As  in  the  case  of  water  in  forming  ice.  fluid  steel  solid- 
ifies from  the  outside  inward,  leaving  a  cavity  at  the  center  and  a 
well  marked  "core." 

Various  plans  have  been  devised  and  put  into  actual  use  in  this 
countrv  and  abroad  to  cure  this  trouble.  These  processes  are  all 
prettv  expensive  and  involve  in  most  cases  keeping  the  upper  part 
of  the  ingot  in  a  molten  condition,  so  that  the  contraction  cavity  1  and 
the  consequent  s<  n  of  impurities,  due,  a-  1  infer,  to  the  l<>\ver 

melting  point  of  the  steel  containing  these  impurities  )  will  he  auto- 
maticallv  filled. 

Another  way  of  curing  the  trouble,  of  course,  is  to  • 
cient  amount  from  the  ingot  to  remove  this  contn  and 

the  segregation,  and  in  some  classes  of  steel  castings,  it  is  not  una 

n  to  have  a  "sink-head"  of  twentv-five  to  forty  per  cent  which  i< 
discarded  and  remelted.     Th  >tion  that  twentv-five  to   I 
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per  cent  of  the  rail  ingot  should  be  discarded  would  certainly  be  so 
radical,  and  would  add  so  much  to  the  cost  of  manufacture,  that  it  is 
undoubtedly  for  the  Engineers  of  the  railways  and  the  Engineers  of 
the  manufacturers  to  get  together  and  determine  whether  there  is  not 
some  effective  and  much  cheaper  way  of  accomplishing  the  same  ob- 
ject. After  a  good  deal  of  thought  on  this  subject,  I  am  convinced 
that  there  is. 

Perhaps  the  most  serious  objection  now  to  the  "pipe"  and. the  seg- 
regation of  impurities,  which  causes  hard  or  brittle  spots  in  the  rail, 
is  that  these  impurities  are  entirely  concealed  within  the  rail  where 
no  inspector  can  discover  them,  and  where  they  do  not  develop  ex- 
cept in  service.  A  method  of  rolling  which  would  divide  the  ingot 
or  possibly  quarter  it,  and  thereby  bring  this  inside  portion  of  the  in- 
got to  the  surface  where  it  shall  receive  the  beneficial  effects  of  the 
forging,  and  where  flaws  or  defects  could  be  readily  detected,  would, 
it  seems  to  me,  be  a  step  in  the  right  direction. 

Rails  are  subject  to  very  serious  strains  in  service.  As  has  been 
pointed  out  by  Mr.  Schaub,  the  rail  has  to  perform  several  functions : 
It  must  be  hard  enough  and  tough  enough  to  withstand  the  rolling 
and  abrading  effect  of  the  wheels  and  flanges ;  it  must  also  act  as  a 
continuous  girder  to  earn'  very  great  loads  moving  at  high  speeds 
over  the  girder  while  supported  on  an  unequally  yielding  foundation. 
It  has  also  been  clearly  shown  that  under  the  wave  motion  of  the  rail 
beneath  and  in  advance  of  trains,  the  rail  is  subject  to  alternate 
stresses  of  tension  and  compression.  Perhaps  the  surprising  thing  is 
that  the  rail  can  be  expected  to  do  as  much  as  it  does. 

From  the  rail  maker's  standpoint,  this  subject  is  a  very  important 
one,  for  it  would  be  a  bad  thing  for  him  if  the  railroad  Engineers 
make  specifications  and  requirements  which  shall  eventually  prove 
ineffective,  or  over-expensive  and  therefore  react  upon  him.  On  the 
other  hand,  the  railroad  Engineer  is  sorely  perplexed ;  he  is  responsi- 
ble to  the  public  for  the  safe  condition  of  the  track,  and  he  is  at  a 
loss  what  to  do.  It  is  a  fact  today  that  the  Engineers  of  most  roads 
are  afraid  to  recommend  the  use  of  the  heavy  section  rails,  because 
they  feel  that  there  is  actually  more  risk  in  their  use  than  there  is  in 
the  use  of  lighter  rails.  In  other  words,  that  while  the  one  hundred 
pound  rail  is  very  much  stiffer  than  the  eighty  pound  or  the  sixty 
Dound  rail,  it  is  subject  to  higher  fiber  stresses,  while  the  material 
itself  is  actually  less  well  able  to  stand  those  greater  stresses. 

Mr.  Schaub:  A  short  time  ago  I  had  occasion  to  get  some  pipe. 
It  was  made  by  the  National  Tube  Co.  It  was  most  beautiful  metal, 
and  when  I  investigated  it,  I  found  it  was  Bessemer  steel  and  they 
told  me  they  used  Bessemer  steel  very  largely  in  making  boiler  tubes. 
Bessemer  steel  is  not  bad  if  you  make  it  the  right  way.  In  Germany 
today,  if  you  buy  bridge  material  the  chances  are  you  get  Bessemer 
steel,  but  they  use  the  basic  process,  (whereas  we  use  the  acid  pro- 
cess), and  that  is  the  radical  difference  between  the  Bessemer  steel 
there  and  here. 
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Mr.  Field:  I  recently  looked  over  some  old  analyses  made  in  1892 
or  1893,  where  the  phosphorus  showed  15  points. 
,  Mr.  Schaub:  I  know  of  rails  rolled  fifteen  years  ago  containing 
that  much  phosphorus,  but  the  carbon  only  ran  from  30  to  35  points; 
today  it  runs  up  to  nearly  60  points.  If  we  can  get  together  on  these 
analyses  I  think  there  will  be  no  trouble  whatever  about  the  Besse- 
mer steel. 

It  seems  to  me  that  the  specifications  for  chemical  requirements 
should  specifv  the  carbon  and  phosphorus  in  the  rail,  and  that  is  all. 

Is  it  not  a  fact  that  in  our  low  carbon  steel  used  in  making  wrought 
pipe,  you  have  got  to  have  a  certain  amount  of  phosphorus  in  the 
pipe,  so  the  phosphorus  is  not  such  a  great  bug  bear,  if  it  is  intelli- 
gently used.  As  a  matter  of  fact,  it  is  necessary  to  have  some  phos- 
phorus in  the  steel. 

Mr.  Field:  I  agree  with  Mr.  Delano  that  if  the  railroad  engineers 
and  steel  engineers  will  get  together  and  settle  down  and  go  back,  if 
you  choose,  and  start  over  and  work  up  on  this  carbon  proposition 
again,  or  begin  where  they  are  now  and  go  down  gradually  until 
they  find  something  that  will  meet  the  requirements,  some  satisfac- 
tory results  may  be  obtained,  but  until  it  is  actually  tried  we  shall  be 
none  the  wiser. 

Mr.  Delano:  A  way  it  wras  done  at  the  Cambria  Steel  Work?  was 
they  used  the  acid  Bessemer  process.  Thev  used  to  introduce  a  cer- 
tain amount  of  washed  pig  metal  to  reduce  the  phosphorus.  In  this 
way  they  could  get  their  phosphorus  about  where  thev  wanted  it — 
7,  8,  or  9  hundredths  per  cent. 

Mr.  Field:  The  basic  Bessemer  process  has  never  been  a  success 
in  this  country. 

Mr.  Schaub:    Why  cannot  it  be  accomplished  in  this  countrv? 

Mr.  Camf:    It  is  too  expensive. 

Mr.  Field:  It  would  cost  more  than  open-hearth  and  would  not 
be  as  good. 

Mr.  Geo.  B.  Woodzcard:  I  will  say  that  the  C.  M.  &  St.  P.  Ry. 
Co.,  have  been  making  a  test  for  the  last  three  years  of  some  Bes 
mer  and  open-hearth  rails,  and  both  have  just  worn  out  and  no 
special  advantage  of  one  over  the  other  was  found.  Thev  are  on 
very  sharp  curvature  subjected  to  very  severe  service,  and  as  stated 
above,  no  special  advantage  of  one  over  the  other  was  found.  The 
tests  were  made  at  the  same  time  under  exactly  the  same  conditions. 

Mr.  W.  L.  Cowles,  M.  w.  s.  e.  (by  letter)  :  The  essence  of  Mr. 
Scbaub's  interesting  paper  is  an  argument  for  an  unyielding  road- 
bed, or  a  construction  as  nearly  unyielding  as  it  is  po^iblc  to  secure. 
The  advantage  of  such  an  attainment  may  perhaps  be  open  to  some 
difference  of  opinion.  Some  twenty-five  years  ago  the  writer  prepared 
plans  for  a  bridge  over  the  Susqinhanna  River  subject  to  the  ap- 
proval of  the  late  lames  L.  Randolph,  then  Chief  Engineer  of  the 
Baltimore  &  Ohio  Railroad,  and  one  point  that  he  insisted  upon 
the  insertion  of  a  substantial  laver  of  wood  between  the  masonry  and 
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the  steel  shoe  in  order  to  provide  a  certain  amount  of  elasticity  and 
thus  reduce  the  effect  of  impact.  The  bridge  was  not  built  at  that 
time  and  this  detail  was  not,  to  the  writer's  knowledge,  adopted  in 
that  structure  although  it  is  his  impression  that  it  had  been  used  on 
earlier  bridges  on  that  road.  It  illustrates,  however,  the  prevalent 
feeling  that,  until  rails  can  be  laid  with  the  surface  absolutely  per- 
fect, a  certain  amount  of  elasticity  is  desirable. 

The  result  of  a  low  joint  would  be  as  indicated  by  the  author,  a  se- 
vere bending  of  the  rail  near  its  end,  the  extreme  fibre  stress  being 
greater  in  a  heavy  rail  than  in  a  light  one  for  a  given  depression,  if 
the  conditions  assumed  in  his  discussion  were  met  with  in  practice. 
These  conditions  are  that  the  tie  under  the  joint  is  permitted  to  yield 
a  definite  amount  to  an  unyielding  point  and  that  the  adjoining  ties 
are  unyieldingly  supported  at  their  proper  level,  also  that  the  splices 
give  no  v(  rtical  resistance  to  the  rail's  deflection.  These  conditions 
will  never  be  met  with  on  a  good  roadbed,  and  if  they  exist  at  any 
point,  it  is  a  matter  for  the  section  gang  to  attend  to  rather  than  the 
rail  maker. 

The  best  roadbed  has  some  compressibility  and  under  a  heavy  load 
suddenly  applied  will  surely  yield  to  a  degree,  producing  the  wave 
like  motion  mentioned  by  the  author,  and  the  rail  will  be  in  the  con- 
dition of  a  .continuous  girder  supported  on  slightly  yielding  supports 
and  loaded  bv  a  rapidly  changing  series  of  unequal  loads— a  set  of 
conditions  baffling  exact  anal)  - 

If  the  roadbed  offers  uniform  resistance  at  all  points  the  bending 
effect  on  the  rail  will  be  constant  over  its  entire  length  and  its  amount 
and  the  resulting  fibre  stress  will  be  a  combined  function  of  the  mo- 
ment of  resistance  of  the  rail  and  the  compressibility  of  the  roadbed 
and  tie. 

An  exception  to  this  occurs  at  the  joints  where  the  moment  of  re- 
sistance is  only  that  of  the  splices  and  where  consequently  the  pres- 
sure on  the  tie  is  greater.  The  tendency  of  this  increased  pressure 
is,  of  cource,  to  disintegrate  the  roadbed  more  rapidly,  calling  for 
special  attention  of  the  section  gang  to  these  points.  There  is  no 
other  reason  why  the  road  bed  at  the  joints  should  offer  less  resist- 
ance than  at  other  points,  indeed,  the  special  attention  called  for  may 
keep  it  in  better  condition,  resulting  in  "hard  spots." 

Even  if  there  should  be  "soft  spots"  at  the  joints  the  additional 
pressure  at  these  points  is  only  that  due  to  the  difference  between  the 
amount  of  resistance  of  the  rail  and  that  of  the  splices  and  unless 
this  should  deflect  the  rail  to  a  point  of  absolute  refusal,  which  would 
be  the  same  for  either  a  light  or  heavy  rail,  the  fibre  stress  would 
be  less  for  the  heavier  rail. 

It  i-;  therefore  the  opinion  of  the  writer  that  heavy  rail  is  not  a 
source  of  danger  due  to  excessive  fibre  stress  from  deflection  at  the 
joints,  but  is  demanded  by  heavier  loads  in  order  to  better  distribute 
the  load,  thereby  diminishing  the  destructive  effect  at  these  joints 
and  the  consequent  deflection. 
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Mr.  Edgar  French,  m.w.s.i:.  (by  letter)  :  Careful  investigation 
hum  show  that  the  solution  of  the  track  problem  does  not  lie  in  the 
increased  weight  of  rail,  and  until  a  better  joint  fastening  is  devised, 
no  relief  need  be  expected  from  a  rail  weighing  more  than  80  lbs. 
per  vd. 

The  Sampson  re-inforced  plate  was  a  long  step  in  advance  of  the 
original  fish-plate. 

The  angle  bar  marked  another  long  stride  in  advance  of  the  plate, 
and  the  continuous  rail  joint,  and  similar  appliances,  have  contrib- 
uted to  tl"k  further  improvement  of  what  track-men  have  always  con- 
sidered the  weak  point  in  track,  namely  the  joint. 

As  Mr.  Schaub  says,  "The  breakages  usually  occur  near  the  ends 
of  the  rail,"  and  it  seems  reasonable  that  the  remedy,  if  there  is  one, 
should  be  applied  at  the  point  where  the  defect  is  found  to  exist 

All  who  have  had  to  do  with  track  renewals  under  heavy  traffic, 
have  noticed  the  imperfect  contact  between  the  rail  and  its  fastening. 

On  the  upper  edge  of  the  fastening,  and  on  th«  lower  edge  of  the 
ball  of  the  rail,  will  be  found  two  or  three  bright  spots  indicating  con- 
tact, while  the  balance  of  the  supposed  bearing  surface  is  innocent 
of  anv  contact  whatever. 

Planing  the  bearing  surfaces  would  not  cure  all  joint  evils,  but  it 
would  greatly  increase  the  efficiency  of  the  fastenings  now  in  gen- 
eral use.  and  the  only  objection  urged  against  it  so  far  as  I  know,  is 
the  small  additional  cost. 

The  Railway  Companies  have  been  purchasing  90  and  100  lb.  rails, 
apparentlv  believing  thai  such  expenditure  would  result  in  greater 
safety,  and  reduced  cost  of  maintenance. 

The  results  have  not  been  satisfactory,  as  shown  by  recent  inves- 
tigations of  rail  failures,  and  while  it  mav  be  possible  to  manufacture 
heavy  rails  of  good  quality  it  has  not  been  the  practice  to  do  so. 

When  these  investigations  have  been  carried  to  their  ultimate 
conclusion,  it  is  to  be  expected  that  about  80  lbs.  will  be  the  section 
adopted  for  general  use.  with  reasonable  appropriations  for  ties,  bal- 
last, and  drainage,  and  special  attention  to  fastenings. 

The  proposed  arrangement  of  track  on  longitudinal  girders  will 
hardlv  meet  with  favor,  but  Mr.  Schaub's  treatment  of  the  track 
and  rail  question  is  interesting,  the  topic  is  timely,  and  its  discussion 
should  result  in  much  good. 

Mr.  H.  J.  Slifer,  m.w.s.e.  (by  letter)  :  Mr.  J.  W.  Schaub's  paper: 
"The  Railway  Track  of  the  Past  and  its  Possible  Development  in  the, 
Future,"  is  timely,  important  and  interesting;  but  its  scope  is  of  such 
a  character  that  the  owners  of  the  properties  will  have  to  be  educated 
to  the  importance  and  necessity  of  abandoning  the  use  of  the  present 
form  of  track  and  adopting  one  which  will  cost  much  more'  for  its 
original  construction,  but  which  will  be  much  less  expensive  for  main- 
terancp. 

We  frequentlv  hear  of  the  term  "permanent  way"  but  ou'.side  of 
some  few  exception^,  the  railway  tracks  of  the  United  States  are 
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practically  built  today  along-  the  same  lines  that  were  adopted  when 
the  pioneer  track  was  laid.  In  fact,  there  is  some  question  in  the 
writer's  mind  as  to  whether  we  have  not  made  "crab"  progress,  and 
we  have  certainly  not  done  anything,  except  to  make  our  ties,  rails 
and  joints  heavier. 

One  of  the  most  important  adjuncts  to  good  track  is  the  spike, 
which  is  about  the  same  as  originally  used,  and  very  few  of  the  im- 
provements and  modifications,  such  as  the  wood  screw,  have  been 
adopted  as  standard. 

How  many  of  us  have  watched  a  track  laborer  drive  a  spike  into  a 
well-seasoned  hard  wood  tie,  and  been  compelled  to  note  in  disgust 
the  abuse  which  both  the  spike  and  tie  were  receiving? 

The  quotation  from  Mr.  O.  E.  Selby's  paper  is  very  apt  and  par- 
ticularly so  when  we  compare  the  technically  improved  designs  of  the 
Mechanical  Department  with  the  neglected  attention  given  the  Track 
Department. 

The  author  has. plainly  shown  that  the  original  form  of  track, 
along  the  line  of  continuous  longitudinal  support  is  one  which  should 
have  been  developed,  in  place  of  the  one  now  in  use,  which  entails 
"eternal  vigilance"  and  creates  enormous  expenditures. 

Don't  blame  the  railroad  manager  if  your  track  is  not  securing  its 
share  of  attention,  but  rather  look  to  the  Board  of  Directors,  who 
have  been  educated  to  believe  that  the  first  place  to  curtail  expendi- 
tures, both  improvement  and  renewals,  is  imthe  repairs  of  track. 

Have  we,  as  members  of  the  engineering  profession,  been  persist- 
ent in  our  advocacy  for  improvements  of  a  permanent  nature,  or 
have  we  been  satisfied  with  a  heavier  tie  and  rail? 

The  question  of  a  "permanent  way"  is  a  very  old  one,  but  is  a  live 
one  every  day,  and  we,  as  members  of  the  profession,  must  expect 
to  advocate  it,  as  we  are'  afforded  the  opportunity. 

In  the  "Railway  Critic"  (Vol.  6  No.  66,  pp.  262  and  263)  under 
date  of  June,  1907,  inquiries  are  made  for  a  design  of  roadbed  and 
track  which  will  dispense  with  cross-ties  and  ballast. 

Longitudinal  timber  stringers  on  concrete  roadbed  are  advocated, 
and  it  is  claimed  that  such  construction  will  do  many  things  that 
should  be  favored  by  every  department  of  the  railway  organization. 
The  passenger  department  could  advertise  "easier  riding  track,  ad- 
ding to  the  safety  and  comfort  of  the  passengers."  The  mechanical 
department  could  "reduce  repairs  on  rolling  stock  and  lessen  the 
power  to  haul  trains."  The  maintenance  of  way  department  would 
be  able  to  almost  "eliminate  maintenance  and  renewals." 

We  can  understand  that  the  manager  would  welcome  this  condi- 
tion ;  but  where  are  the  directors  to  secure  the  finances  to  bring  it 
about?  However,  that  is  not  an  engineering  question,  but  we  can 
not  escape  the  knowledge  that  until  the  present  adverse  agitation, 
both  State  and  Federal,  is  quieted,  we  as  Engineers  will  receive  but 
little  encouragement  from  the  Board  of  Directors  and  owners.    This 
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need  not  deter  us  from  discussing  the  improvements  with  the  view 
of  adopting  uniform  recommendations. 

The  Author  should  have  the  hearty  support  and  encourgaement 
of  every  member  of  the  profession  in  his  advocacy  of  an  "absolutely 
unyielding  substructure"  and  if  any  elasticity  is  required,  it  can  be 
taken  care  of  in  the  design  of  the  equipment,  where  it  properly 
belongs. 

In  each  of  the  designs  shown  in  the  Author's  paper,  it  is  noticed 
that  timber  in  one  form  or  another  is  made  use  of,  although  the 
Author's  final  arrangement  will  eliminate  its  use  entirelv. 

We  certainly  cannot  consider  the  use  of  timber  very  much  longer, 
and  even  today  the  railroads  are  unable  to  secure  what  thev  require 
for  renewals  alone.  If  our  forests  could  produce  the  necessary 
amount  of  timber  for  all  purposes,  there  would  possibly  be  econom- 
ical reasons  why  it  might  be  used  for  the  ordinary  railway  track, 
but  such  construction  would  not  be  permanent  nor  would  it  elimi- 
nate renewal  charges. 

For  subway  tunnel  construction,  the  use  of  timber  for  any  and 
all  purposes  should  be  prohibited  by  law,  and  any  one  who  is  com- 
pelled to  ride  in  an  atmosphere  of  decaying  timber  will  support  the 
views  of  the  New  York  City  Club,  who,  in  July,  1907,  reported  to 
the  Public  Service  Commission  that  "in  the  interest  of  good  sani- 
tation, the  tube  should  have  concrete  floors."  Why  not  go  a  step 
further  and  eliminate  the  use  of  timber?  The  plans  for  the  Phila- 
delphia subway  show  two  kinds  of  construction,  and  in  one  of  them, 
no  timber  is  used.  It  will,  therefore,  be  seen  that  we  are  progress- 
ing, and  all  future  subways  should  be  constructed  so  as  to  avoid  the 
use  of  any  and  all  timber. 

The  writer  has  for  some  years  advocated  an  "absolutelv  imper- 
ishable and  unyielding"  construction  of  both  substructure  and  super- 
structure, and  is  -leased  to  endorse  the  Author's  views  along  said 
lines. 

Mr.  G.  H.  Blakely,  Bethlehem  Steel  Co.  (by  letter)  :  The  paper 
by  Mr.  J.  W.  Schaub  on  "The  Railway  Track  of  the  Past  and  its 
Possible  Development  in  the  Future"  has  attracted  considerable 
attention  among  railway  men  and  among  those  who  are  making  a 
study  of  improved  track  construction.  In  this  paper  Mr.  Schaub 
discusses  the  Lindenthal  experimental  track  on  the  Pennsylvania 
Railroad  and  says  the  experience  with  it  is  exactly  as  should  be 
expected  and  that  it  is  impossible  to  keep  such  a  track  in  surface. 
Mr.  Gustav  Lindenthal,  the  designer  of  this  track,  in  a  letter  from 
him  appearing  in  Engineering  News  of  June  20th,  takes  issue  with 
this  statement  and  after  explaining  some  of  the  troubles  which  de- 
veloped in  the  initial  stage  of  the  experiment,  which  have  since  been 
corrected,  says  the  track  is  now  keeping  perfect  surface  and  that  no 
wave  in  front  of  the  wheels  is  observable. 

Believing  that  the  use  of  longitudinal  steel  sleepers  in  combina- 
tion with  cross  ties  or  otherwise  mav  offer  a  solution  of  the  problem 
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of  securing  the  much  desired  improvement  in  track  construction 
for  heavy  traffic  conditions,  and  in  view  of  the  conflicting  opinions 
regarding  this  track  the  writer  made  a  personal  examination  of  its 
condition  observing  its  action  under  the  passage  of  trains. 

This  experimental  track,  about  1,000  feet  in  length,  is  on  the  east 
bound  freight  track  on  a  descending  grade  of  about  30  feet  to  the 
mile.  Originally  the  rails  were  supported  by  cast  iron  chairs  which 
were  bolted  to  the  longitudinal  steel  sleepers.  Creeping  of  the  rails 
took  place  to  such  an  extent  that  the  chairs  were  tilted.  These  chairs 
were  removed  and  replaced  with  wood  ties  and  blocks  sawed  to  di- 
mension and  secured  to  the  longitudinal  sleepers  with  hook  bolts. 
The  ties  which  act  as  spreaders  are  spaced  six  (6)  feet  on  centers. 
Between  the  ties  the  rails  are  supported  on  short  timber  blocks  spaced 
two  (2)  feet  on  centers.  The  rail  joints  are  supported  on  similar 
blocks  with  a  spreader  tie  at  each  side  of  the  joint.  (Fig.  1.)  It 
was  intended  that  each  longitudinal  sleeper  should  be  made  of  a  pair 
'A  8  in.  by  9  in.  bulb  angles  riveted  together  with  separators  at 
intervals  but  as  no  such  sections  were  rolled  by  the  mills  the  equiva- 
lent of  each  bulb  angle  was  provided  by  riveting  a  7  in.  by  3  in. 
bulb  angle  to  a  8  in.  by  3  in.  "Z"  bar  (Fig.  2).  To  counteract 
creeping  of  th  rails,  cast  clips  bearing  against  the  ties  are  hook 
bolted  to  the  rails  (Fig.  3).  In  the  original  design  it  was  the  inten- 
tion to  use  rock  ballast  only  under  each  rail  and  to  fill  in  between 
the  rails  with  sand  or  gravel,  but  as  constructed  no  sand  or  gravel 
seems  to  have  been  used  and  the  rock  ballast  extends  the  full  width 
of  the  roadbed.  It  couid  not  be  determined  if  a  drainage  system 
had  been  provided  for  the  sub-surfaces.  The  foregoing  is  a  descrip- 
tion of  the  track  as  actually  constructed  and  which  differs  in  some 
respects  from  the  drawings  of  it  previously  published. 

Passing  now  to  the  present  condition  of  the  track,  it  is  con- 
siderably out  of  surface  but  in  this  respect  it  is  not  much  more 
out  of  surface  than  the  west  bound  freight  track.  The  impression 
was  formed  after  inquiry  at  the  main  office  of  the  railroad  company, 
that  the  maintenance  of  this  track  was  expensive  but  that  the  ex- 
periment had  not  been  continued  a  sufficient  length  of  time  to 
make  a  definite  statement.  From  inquiry  made  at  the  site  it  would 
appear  that  the  longitudinal  sleeper  system  has  not  received  atten- 
tion since  it  was  laid.  Considerable  expanse  has  been  incurred  in 
changing  from  the  iron  chair  system  to  the  present  wood  tie  and 
block  system,  but  outside  of  this,  the  ballasting  of  the  track  has  not 
received  any  attention  since  it  was  laid  nor  has  any  attention  been 
given  to  correcting  the  alignment  of  the  rails  since  the  iron  chairs 
were  removed. 

Although  the  rail  joints  are  supported  on  the  wood  blocks  yet 
low  joints  have  developed  by  the  crushing  of  the  tie  plates  into  the 
wood.  Such  low  joints  are  especially  marked  at  the  easterly  end  of 
the  track  and  occur  in  such  a  way  that  the  worst  cases  might  be 
accounted  for  if  the  rail  joints  nearly  coincided  with  joints  in  the 
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sleepers.  The  sleepers  are  in  lengths  of  33  feet  and  if  30  ft.  rails 
were  used  coincidence  of  joints  would  occur  at  intervals,  or  the 
same  result  would  be  due  to  the  use  of  a  short  length  of  rail.  It  is 
impossible  to  determine  this  from  a  superficial  examination  as  the 
sleepers  are  buried  in  the  ballast  and  the  joints  in  them  cannot  be 
seen,  though  one  short  length  rail  was  noticed  in  the  track. 

A  very  pronounced  wave  movement  is  observed  under  the  passage 
of  a  train.  The  vertical  movement  of  the  rails  in  general  is  l/i  inch 
and  in  some  particularly  bad  spots  is  as  much  as  ^  inch  or  more. 
This  wave  movement  occurs  to  a  considerable  extent  in  the  steel 
longitudinals  and  the  projecting  flanges  of  the  "Z"  bars  communi- 
cate the  movement  to  the  upper  layer  of  the  ballast  which  is  raised 
and  lowered  with  the  movement  of  the  track.  The  wave  motion 
of  this  track  under  a  freight  train  at  20  miles  an  hour  is  much  more 
pronounced  than  it  is  on  the  adjacent  passenger  track  of  standard 
construction  under  express  trains  at  high  speed. 

The  creeping  of  the  rails  seems  to  have  been  checked  by  the 
creeper  clips  which  have  been  used  for  that  purpose.  There  is 
no  evidence  of  the  rails  having  slipped  through  the  clamps  and 
the  ties  do  not  show  that  they  have  been  pushed  forward  by  move- 
ment of  the  rails.  Creeping  of  the  rails  in  this  case  seems  to  be  an 
incident  of  v  location  and  grade  and  not  due  to  the  form  of  track. 
Creeper  clips  are  used  on  the  same  track  for  a  distance  of  nearly 
half  a  mile  west  of  this  experimental  construction. 

The  preceding  aims  to  be  an  impartial  statement  of  the  condition 
of  the  track  as  it  exists  and  of  its  action  in  service.  The  remarks 
which  follow  are  called  forth  by  a  study  of  this  track  and  are  offered, 
not  as  recommendations,  but  as  suggestions  for  the  improvement  of 
this  type  of  track  construction. 

Suspended  rail  joints  with  angle  splices  having  webs  projecting 
below  the  rail  flanges  would  seem  to  offer  a  more  satisfactory  splice 
than  the  supported  joint  which  is  used.  The  experiment  seems  to 
demonstrate  that  a  single  tie,  even  if  solidly  supported,  is  insufficient 
to  resist  the  crushing  effect  at  the  ends  of  the  rails  due  to  their 
deflection. 

If  the  tie  plates  had  rolled  bevel  ridges  parallel  to  the  rail  and 
washers  having  a  corresponding  bevel  were  used  under  the  heads  of 
the  screw  spikes,  the  washers  fitting  close  against  the  rail  flanges,  the 
ease  of  aligning  the  track  would  be  increased  (Fig.  4).  This  idea  is 
suggested  by  the  Hohenegger  longitudinal  system  used  by  the  Aus- 
trian State  Railways  where  a  similar  device  is  employed  for  clamp- 
ing the  rails. 

The  vertical  movement  of  this  track  under  the  passage  of  trains 
indicates  that  it  does  not  provide  enough  bearing  surface  on  the 
ballast  and  that  the  longitudinals  have  inadequate  vertical  stiffness 
for  distributing  the  concentrated  loads  over  sufficient  distance  to  give 
satisfactory  results.  In  both  of  these  respects  it  is  possible  that  the 
design  of  the  longitudinal  sleepers  might  be  improved  so  as  to  give 
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sufficient  bearing  surface  on  the  ballast  and  provide  adequate  vertical 
stiffness. 

The  original  design  contemplated  the  use  of  special  bulb  angles 
with  8  in.  legs  bearing  on  the  ballast  thus  providing  a  bearing  16 
inches  in  width  under  each  rail.  The  space  between  the  bulb  an°-les 
could  not  be  depended  upon  for  any  distribution  of  the  load  on&the 
ballast.  As  such  sizes  were  not  rolled,  the  sections  actually  used 
were  made  of  available  structural  shapes  to  approximate  as  nearly 
as  possible  to  the  section  which  was  intended.  In  the  actual  sleeper 
there  is  only  14  inches  width  of  bearing  surface  on  the  ballast  under 
each  rail.  It  is  impossible  to  secure  a  satisfactory  tamping  of  the 
ballast  in  the  space  between  the  two  vertical  webs,  and  the  lower  pro- 
jecting flanges  of  the  "Z"  bars  are  so  narrow  as  to  offer  no  bearing 
surface  on  the  ballast  which  should  be  taken  into  account.  The 
shape  of  the  longitudinal  sleeper  is  not  adapted  to  the  purpose  but 
it  seems  to  have  been  the  best  which  could  be  devised  using  such 
sections  as  were  available.  The  question  arises  if  it  would  not  be 
possible  to  devise  a  section  for  this  purpose  which  would  offer 
greater  bearing  surface  and  provide  greater  vertical  strength.  It 
is  believed  that  it  is  possible  to  do  so  with  a  section  that  would  cost 
less  than  the  one  proposed  by  Mr.  Lindenthal. 

Mr.  Schaub  in  his  paper  has  suggested  the  use  of  Bethlehem  Steel 
Co.  wide  flange  beams  for  a  nearly  similar  purpose  in  track  con- 
struction. The  beam  which  he  suggests  is  a  10  in.  girder  section, 
having  flanges  9  in.  wide  and  weighing  44  lb.  per  ft.  If  such  a  sec- 
tion does  not  seem  to  offer  sufficient  bearing  surface  on  the  ballast 
the  width  of  flange  might  be  increased.  As  beams  of  this  kind 
are  not  made  by  means  of  fixed  grooves  cut  in  the  rolls,  but  are 
made  by  the  Grey  Universal  Mill  which  has  horizontal  and  vertical 
rolls  acting  coincidently  and  forming  the  web  and  flange  of  a  beam 
shape  by  combined  rolling  operations  acting  at  right  angles,  therefore 
variations  in  the  shape  can  be  made  by  spreading  both  sets  of  rolls. 
Considerable  variation  in  the  section  can  be  secured  and  the  matter 
of  expense  for  the  change  in  rolls  required  is  not  a  serious  one,  es- 
pecially if  the  tonnage  involved  is  considerable.  To  meet  the  de- 
mands of  the  case,  the  flanges  of  this  beam  might  be  increased  to  10 
in.  in  width,  the  depth  of  the  beam  being  correspondingly  increased 
a  slight  amount  (Fig.  5). 

It  is  probable  that  a  10  in.  girder  beam  of  this  kind  would  be  a 
better  section  for  the  purpose  Mr.  Schaub  has  in  mind.  This  10 
in.  section  as  modified  gives  a  beam  iol/i  in.  in  depth,  with  flanges 
10  in.  wide,  having  a  section  modulus  of  57.5  and  would  weigh  48.75 
lb.  per  ft.  It  would  offer  an  effective  bearing  surface  on  the  ballast 
of  20  in.  in  width  under  each  rail.  The  two  bulb  angle  sections 
under  each  rail  suggested  by  Mr.  Lindenthal,  would  have  a  total 
section  modulus  of  only  28.5  and  would  weigh  56  lb.  per  ft.  inc!"d- 
ing  separators.  The  suggested  rolled  girder  section  weighs  13% 
less  than  the  bulb  angle  section,  and  the  latter  requires  riveting  to- 
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gether  of  the  parts,  the  expense  of  which  is  saved  in  the  case  of  the 
le  roiled  shape.  The  wide  flange  beam  would  therefore  cost  at 
least  20' <  less  than  the  bulb  angles,  and  at  the  same  time  it  would 
offer  an  increase  of  25',  in  effective  bearing  surface  on  the  ballast 
and  an  increased  vertical  strength  of  100%  over  the  bulb  angle  sec- 
tions. This  comparison  is  drawn  with  the  Lindenthal  proposed  bulb 
angle  sections  and  not  with  the  existing  sections  which  were  built 
up  to  approximate  the  desired  bulbs.  The  built  section  actually 
used  in  this  experimental  track  has  a  section  modulus  of  27.0  and 
with  separators  weighs  65  lbs.  per  ft. 

It  might  be  thought  that  the  same  purpose  could  be  served  by  a 
shallow  rive  ted  plate  girder  with  wide  flange  angles.  But  such  is 
not  the  case  as  the  upward  pressure  of  the  ballast,  when  the  girder 
is  loaded,  would  bend  the  chord  angles  at  their  roots  unless  they 
were  made  of  such  great  thickness  as  to  render  the  cost  prohibitive. 
In  addition  such  a  riveted  section,  because  of  the  expense  of  its  fab- 
rication, would  cost  more  per  unit  of  weight  than  a  rolled  section. 

The  tapered  thickness  of  flange  in  the  suggested  rolled  beam 
provides  ample  resistance  to  the  bending  produced  bv  the  pressure 
of  the  ballast.  With  axle  loads  of  60,000  lbs.  spaced  5  ft.  apart, 
after  doubling  all  stresses  to  allow  for  impact,  the  suggested  rolled 
beam  section  under  all  combinations  of  loading,  both  longitudinally 
and  transversely,  would  not  be  subjected  to  stresses  exceeding  those 
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allowed  in  the  best  bridge  construction.  The  pressure  on  the  ballast, 
including;  ioo^  allowance  for  impact,  would  not  exceed  3.4  tons  per 
sq.  ft.,  as  against  4  tons  usually  considered  allowable  for  this  pur- 
pose. This  is  in  contrast  to  the  bearing  of  ties  in  the  best  standard 
contraction,  which  under  the  most  favorable  conditions  produces  a 
pressure  on  the  ballast  of  5.3  tons  per  sq.  ft.  when  the  effect  of  im- 
pact is  considered,  and  which  intensity  of  pressure  explains  the  crush- 
ing of  the  tits  into  the  ballast.  With  sufficient  depth  of  ballast  under 
the  longitudinals,  the  pressure  on  the  subgrade  can  be  kept  down 
to  a  maximum  of  1.75  tons  per  sq.  ft.,  when  impact  is  considered, 
and  which  is  an  entirely  safe  pressure  to  use  on  well  compacted  clay, 
sand  or  gravel  soil  such  as  is  afforded  by  seasoned  railway  embank- 
ments. 

The  cost  of  such  a  system  would  be  about  $12,000  a  mile  of  single 
track  for  the  longitudinals,  in  addition  to  the  expense  for  ballast,  ties 
and  rails.  Adding  these  items  would  just  about  double  the  present 
cost  of  first  class  standard  track  with  rock  ballast.  With  a  saving 
in  maintenance  of  $700  a  mile  effected  by  such  a  system,  as  esti- 
mated by  Mr.  Lindenthal,  the  return  on  the  added  investment  would 
be  about  6%.  Moreover,  with  such  a  track  the  effective  hauling 
capacity  of  locomotives  would  be  increased  by  at  least  io^r  which 
would  correspondinslv  reduce  train  operating  expenses  a  like  amount. 
Of  course  such  construction  is  not  likely  of  consideration  except  for 
track  where  traffic  is  dense  and  heavy,  under  such  conditions  as 
prevail  on  some  congested  divisions  of  the  great  trunk  line  railroads. 
The  securitv  and  safetv  afforded  by  such  a  track  deserve  considera- 
tion aside  from  the  financial  view  of  the  matter.  Present  track 
construction  is  inadequate  for  the  loads  imposed  by  modern  rail- 
road traffic,  and  as  the  continued  tendency  is  to  increase  wheel  loads, 
for  the  purpose  of  reducing  operating  expenses,  a  radical  improve- 
ment in  track  construction  must  be  made  to  meet  the  situation,  either 
in  a  modification  of  the  manner  indicated  by  this  Lindenthal  experi- 
ment or  in  some  other  way  following  the  lines  suggested  by  Mr. 
Schaub. 

It  is  evident  from  what  has  been  said  concerning  the  wide  flange 
beam  shapes  and  their  possible  application  in  the  case  here  discussed 
that  the  Grey  mills  afford  a  great  elasticity  of  design  in  the  produc- 
tion of  such  sections.  The  establishment  of  mills  of  this  kind  in 
the  United  States  will  afford  structural  steel  in  new  forms  and  will 
undoubtedly  aid  the  engineers  of  this  country  in  successfully  handling 
many  problems  which  have  heretofore  beea  incapable  of  satisfactory 
solution  with  the  usual  structural  sections  previouslv  available. 
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When  I  was  asked  to  prepare  a  paper  on  the  construction  of  Small 
Parks  in  Chicago  I  began  to  think  it  over  as  to  what  Engineering 
problem  there  could  be  connected  therewith  of  sufficient  importance 
to  present  to  this  society.  I  quickly  concluded  that  while  there  are 
various  engineering  questions  involved  each  one  is  relatively  small 
and  none  could  be  made  of  more  interest  than  the  one  central  idea 
of  the  Small  Park  itself.     What  is  it  and  why  should  it  be? 

In  attempting  to  answer  this  question  I  think  it  would  be  proper 
to  tell  something  of  the  Boards  that  have  charge  of  building  and 
maintaining  the  Small  Parks  and  the  legislation  that  brought  them 
into  existence,  as  well  as  some  of  the  results  attained.  With  these 
ideas  in  view  I  trust  you  will  pardon  me  if  I  wander  somewhat  out 
of  the  field  of  Engineering  in  pursuance  of  my  subject. 

There  are  four  public  bodies  in  Chicago  who  have  to  do  with  the 
construction  and  maintenance  of  small  parks,  the  Special  Park  Com- 
mission under  direct  control  of  the  City  Council,  and  the  three 
independent  Park  Boards,  viz.,  the  West  Chicago,  Lincoln  and 
South  Park  Boards.  It  is  of  the  work  of  the  South  Park  Board  I 
shall  speak,  as  it  is  the  only  one  that  has  yet  carried  the  Small  Park 
idea  to  full  fruition. 

The  Small  Parks  under  the  control  of  the  City  Commission  are 
mainly  and  essentially  municipal  playgrounds  or  else  little  parks, 
improved  with  trees,  grass,  etc.,  to  provide  breathing  spaces.  The 
Small  Parks  which  are  constructed  or  under  way  by  the  other  Park 
Boards  mean  more  than  this,  as  will  be  explained  further  on.  While 
the  South  Park  Board  is  the  only  one  that  has  fully  carried  out  the 
idea,  the  West  Park  Board  and  the  Lincoln  Park  Board  have  plans 
under  way  for  several  Small  Parks  which  will  be  finished  up  on 
similar  lines  to  those  of  the  South  Park  Board. 

The  district  under  the  jurisdiction  of  the  Board  of  South  Park 
Commissioners  comprise  practically  all  the  section  of  the  city  south 
of  the  Chicago  River  and  the  Illinois  &  Michigan  Canal.  It  there- 
fore extends  from  Water  Street  to  138th  Street,  from  the  lake  to 
West  48th  Avenue,  an  area  16  by  10  miles.  The  population  in  this 
district  is  over  600,000,  and  the  tax  valuation  of  propertv  is 
t.ooo.ooo  on  the  basis  of  1/5  of  the  full  valuation. 

The  revenues  of  the  Board  are  derived  from  direct  taxation  and 
from  the  sale  of  bonds  which  have  been  issued  from  time  to  time  for 
specific  purposes.  The  Board  consists  of  five  members  appointed  by 
the  Circuit  Court,  one  member  being  appointed  each  year.  It  is, 
therefore  practically  a  continuing  body,  and  as  such  can  lay  out  a 
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definite  plan  or  policy  which  is  reasonably  sure  of  being  followed 
from  year  to  year. 


SOUTH    PARK    DISTRICT 
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Previous  to  the  year  1903  there  were  five  parks  and  17.28  miles 
of  boulevards  under  the  control  of  the  Board, 

Jackson  Park    540  acres 

Washington    Park    371   acres 

McKinley    Park    40  acres 

Gage  Park  20  acres 

Grant    205  acres 

nearly  all  of  the  latter  of  which  was  either  under  water  or  only  a 
rough  dumping  ground. 

B<  nd  issues  were  voted  upon  favorably  by  the  voters  of  the  South 
Park  District,  and  as  a  result  of  this  action  the  number  of  the  parks 
has  been  increased  from  five  to  twenty-three,  and  the  acreage  from 
1.356  acres  to  about  1,700  acres,  not  including  Boulevard  areas.  Ten 
of  the  newly  established  Small  Parks  have  been  completed  and  the 
others  are  in  various  stages  of  construction.  The  length  of  boule- 
vard under  the  control  of  the  Board  has  been  increased  from  17.28 
miles  to  28.5  miles,  with  other  additions  probable  in  the  near  future. 
ther  acts  of  Legislature  have  given  the  Board  of  South  Park 
Commissioners  the  Riparian  right  along  the  shore  of  Lake  Michigan 
from  Grant  Park  to  Jackson  Park  and  south  to  79th  Street,  or  from 
Randolph  Street  extended  to  79th  Street  extended,  a  magnificent 
stretch  of  water  front  10  miles  long.  The  result  of  this  has  been  a 
definite  plan  to  fid  in  as  rapidly  as  possible  a  strip  of  water  about 
a  half  mile  wide  and  six  miles  long  connecting  Jackson  and  Grant 
Park.  The  detail  plans  for  this  have  not  yet  been  completed  but 
surveys  and  soundings  have  been  made,  and  it  will  be  an  outshore 
drive  and  parkway,  at  some  places  expanding  to  the  proportions  of 
a  respectable  sized  park  with  a  sheltered  waterway  or  lagoon  the 
whole  distance  spanned  by  occasional  bridges  from  the  mainland. 
The  rest  of  the  lake  frontage  south  to  79th  Street  will  undoubtedly 
be  filled  in  some  time  in  the  future.  This  is  all  in  direct  line  with 
the  City  Beautiful  idea  which  has  recently  been  much  discussed  in  a 
public  way.  While  other  civic  bodies  are  interested  in  a  City  Beauti- 
ful the  South  Park  Hoard  will  doubtless  be  the  first  to  do  active  work 
in  furtherance  of  the  new  ideas,  insofar  a>  new  ideas  have  been  called 
forth. 

It  may  be  emphasized  in  passing  that  the  various  park  boards  have 
been  working  for  years  on  a  City  Beautiful,  and,  so  far  as  their 
policies  are  indicated  by  their  works,  there  is  to  be  no  change.  Only, 
perhaps,  a  nuickening  of  public  spirit  and  a  strengthening  of  the 
hands  of  the  officials  charged  with  the  execution  of  the  wishes  of  the 
public.  But  it  is  not  of  this  particular  phase  of  the  Park  work  I 
wish  to  treat. 

The  Small  Park,  as  developed  in  Chicago,  combines  the  features  of 
a  park  ;  a  neighborho  d  center  with  assembly  hall  and  meeting  rooms 
for  clubs  and  societies;  a  reading  room  with  a  branch  of  the  Public 
Library  :  and  a  public  gymnasium  with  swimming  pools,  play  grounds, 
etc.     As  a  number  of  them  are  ten  acres  or  less  in  size  the  park  feat- 
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ures  in  so  small  an  area  are  necessarily  restricted  and  somewhat  sub- 
ordinated to  the  others.  Also,  on  account  of  their  small  size,  the 
plans  are  necessarily  formal,  and  the  greatest  economy  of  space  must 
be  exercised. 

However,  in  some  cases  the  area  is  much  larger,  as  Palmer  Park, 
area  30  A.,  and  Sherman  Park,  area  60  A.,  where  the  freedom  and 
variety  of  design  suitable  to  larger  park  areas  has  been  employed. 
One  end  of  it,  however,  has  been  laid  out  on  formal  lines  with  a 
symmetrical  group  of  buildings,  as  in  the  smaller  parks,  comprising 
Assembly  Hall,  Reading  Room,  Gymnasium,  etc. 

The  general  idea  of  arrangement  of  all  the  groups  of  Park  build- 
ings is  to  have  an  open  air  swimming  pool  in  a  central  court  with  the 
gymnasiums  and  Assembly  Hall  building,  or  Field  House,  grouped 
around.  Typical  of  these  is  Armour  Square,  ten  acres  in  size, 
where  economy  of  space  is  obtained  by  putting  the  Assembly  hall 
on  the  second  floor,  the  whole  group  of  buildings  occupying  a  space 
in  one  corner  of  the  park,  180  ft.  by  180  ft. ;  also  Ogden  Park,  60 
acres  in  size,  where  the  buildings  form  a  rectangle  380  ft.  by  240 
ft.  with  the  assembly  hall  on  the  ground  floor.  Some  special  features 
of  design  of  these  buildings  will  be  described  later  on. 

One  of  the  new  park  sites  acquired  by  the  South  Park  Commis- 
sioners, Marquette  Park,  at  69th  St.  and  Kedzie  Ave.,  contains  322 
acres,  which  makes  it  about  third  in  size  of  any  in  the  district.  The 
plans  in  this  park  include  all  the  features  of  the  others  and  while 
it  cannot  be  strictly  called  a  small  park  it  is  one  in  the  sense  that 
it  carries  out  to  the  fullest  the  small  park  idea.  Here  are  to  be 
swimming  pools,  spacious  gymnasiums,  an  outdoor  athletic  field, 
running  track,  etc.,  on  a  scale  impossible  in  the  small  areas.  In  ad- 
dition there  will  be  golf  links,  broken  wooded  areas  and  an  arti- 
ficial lake  50  acres  in  extent.  In  the  excavation  of  this  lake  there  will 
be,  in  round  numbers,  1,000,000  cu.  yds.  of  material  moved  which 
will  be  used  to  build  up  knolls  and  hillocks  out  of  what  was  a  dead 
level.  The  grading  of  60  acres,  or  about  one-fifth  of  the  area  of  this 
park,  will  be  completed  during  1907.  The  excavation  is  being  made 
by  steam  shovel  and  distributed  over  the  filled  area  by  tram  cars. 
The  depth  of  cut,  which  is  entirely  within  the  Lagoon  area,  is  about 
12  ft.  and  the  fill  is  from  nothing  to  13  ft.  Handling  such  an  exca- 
vation and  fill  with  steam  shovel  and  tram  cars  presents  some  peculiar 
difficulties  the  railroad  steam  shovel  man  does  not  have  to  contend 
with.  Much  of  the  cut  has  to  be  handled  in  two  lifts  because  the 
excavated  areas  are  restricted  and  irregular  in  outline  so  it  is  not 
practical  to  haul  the  loaded  cars  up  the  necessarily  heavy  and  short 
grades  out  of  the  pit,  and  the  lift  of  the  shovel  is  not  enough  to  load 
cars  standing  on  the  surface  grade.  Again,  the  unloading  track  is  a 
difficult  proposition  to  handle  where  the  fill  varies  from  one  to  thir- 
teen feet  and  where,  instead  of  having  a  level  or  even  grade  to  work 
to,  it  is  made  purposely  irregular.  Under  these  conditions  some- 
thing over  1,000  cu.  yd.  cars  have  been  handled  in  eight  hours  with  a 
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shovel  with  a  \l/>  yard  dipper.  The  average,  however,  is  con- 
siderably  less  than  this.  The  average  cost  has  been  30  cents.  The 
problem  is  to  handle  the  cars  and  return  them  to  the  shovel — not  to 
load  them. 

The  grading  of  a  small  park  has  been  generally  either  a  very 
simple  matter  or  a  serious  problem  according  to  situation  or  eleva- 
tion of  surface.  Some  of  those  constructed  by  the  South  Park  Board 
have  been  planned  to  balance  exactly  in  cut  and  fill.  Examples  of 
these  are  Russell  Square,  83rd  St.  and  Bond  Ave.  ;  Hamilton  Park, 
73rd  St.  and  Normal  Ave. ;  Cornell  Square.  51st  and  Wood  Streets.  In 
most  of  these,  as  in  Cornell,  the  central  area  is  depressed  below  the 
general  level  and  used  for  a  ball  field  in  the  summer  and  a  skating 
pond  in  the  winter.  Others,  as  Armour  Square.  33rd  St.  and  Shields 
Ave.,  and  Hardin  Square,  25th  St.  and  Wentworth  Avenue,  are  close 
enough  to  the  business  areas  to  get  a  large  proportion  of  the  neces- 
sary  fill  from  building  excavations.  All  that  was  necessary  in  these 
;  to  clear  buildings  away,  stake  out  the  desired  grades,  let 
it  be  known  here  was  a  free  dumping  ground  and  put  an  inspector  in 
charge.     Sherman  Park,  55th  St.  and  Centre  Ave.,  had  a  surplus  of 


Field  House  in  Sherman  Park. 


30,000  cu.  yds.,  while  Ogden  Park,  one  mile  south,  had  a  correspond- 
ing deficit.  Cuts  and  fills  in  these  two  places  were  balanced,  a  steam 
shovel  was  put  to  work  in  Sherman,  a  narrow  gauge  track  laid  along 
Loomis  Street  from  one  to  the  other,  and  the  30,000  cu.  yds.  trans- 
ferred to  Ogden  Park. 

Bessemer  Park.  27  acres  in  size,  at  89th  St.  and  South  Chicago 
Avenue,  was  located  in  a  swampy  region  beyond  the  reach  of  ex- 
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isting  sewers  and  153,000  cu.  yds.  of  sand  fill  and  26,000  cu.  yds.  of 
top  soil  were  brought  in  over  a  standard  gauge  track  laid  for  the 
purpose,  raising  the  level  from  2  to  6  ft.  The  cost  of  the  sand  fill- 
ing was  44  cents  and  the  top  soil  78  cents  per  cu.  yd.  In  nearly 
all  the  new  parks  built  it  has  been  necessary  to  purchase  the  top  soil 
for  lawn  and  planting  spaces,  either  wholly  or  in  part,  the  original 
soil  having  been  removed  or  rendered  unfit  for  cultivation.  The 
question  of  a  proper  soil  and  the  proper  care  of  an  originally  good 
soil  is  one  that  received  serious  consideration  in  park  work.  It  is 
difficult  in  the  best  of  soils  to  grow  good  trees  and  grass  where 
smoke  and  dust  dry  up  the  foliage  and  gas  leakage  poisons  the  roots. 
As  to  what  damage  these  enemies  of  growing  things  can  do  we 
have  but  to  look  at  Michigan  Avenue  north  of  35th  St.  and  the  strip 
of  park  land  between  Michigan  Avenue  and  the  111.  Central  R.  R. 
Where  we  would  most  desire  noble  trees  and  luxuriant  foliage  there 
is  none. 

In  the  effort  to  ward  off  the  evil  of  gas  leakage,  concrete  curbing 
five  feet  deep  has  been  built  around  all  the  new  parks  located  in  the 
populous  districts.     Just  how  much  good  this  will  do  remains  to  be 


Reinforced  Concrete  Bridge,  Sherman 


seen.  The  hope  of  the  future  for  foliage  in  the  small  parks  scattered 
through  the  industrial  districts  of  Chicago  lies  in  the  curbing  of  the 
smoke  nuisance  and  the  electrification  of  the  railways.  A  park  with-. 
out  thriving  trees  is  a  misnomer  and  a  p'.ayground  withoul  grass  and 

foliage  is  but  one  step  removed  from  the  -treet. 

Some  details  of  design  and  construction  are  as  follows:     Drain- 
age  and   water   supply   are,   of  course,    essential    requirement-    for 
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any  park,  great  or  small.  Neither  of  these  present  any  special  dif- 
ficulty in  the  construction  of  our  small  parks,  but  a  few  words  as 
to  the  standards  used  will  not  be  amiss.  One  6  in.  main  serves  as  a 
supply  to  most  of  the  smaller  10  acre  parks,  while  Ogden,  a  60  acre 
park,  has  four  6  in.  connections  with  the  30  in.  city  main  crossing  it. 
Others  are  supplied  in  like  proportion.  A  system  of  from  6  to  2  in. 
pipes  distributes  the  water  to  swimming  pools,  fountains,  buildings, 
shower  baths,  toilet  rooms,  lawn  hydrants,  etc.,  the  latter  of  which  are 
located  so  that  with  100  ft.  of  hose  every  foot  of  the  park  area  can 
be  reached.  Xo  wrought  pipe  is  used  for  water  distribution,  only 
cast  iron  or  lead,  on  account  of  the  rapid  corrosion  of  wrought  pipe 
laid  in  the  soil.  The  2  in.  cast  iron  pipe  has  generally  been  of  the 
Universal  pattern,  the  joints  turned  to  a  close  fit  and  made  fast  with 
projecting  lugs  and  bolts.  Most  of  the  pipe  larger  than  2  in.  is  of  the 
regular  hub  and  spigot  pattern  with  caulked  lead  joints.  Each 
lawn  hydrant  is  attached  to  the  iron  pipe  by  a  short  section  of  1  in. 
lead  pipe,  and  it  has  been  found  economical,  where  the  branch  is  25 
ft.  or  less  in  length,  to  make  it  all  lead,  instead  of  laying  the  neces- 
sary specials  to  run  the  iron  pipe  branch.  The  sewers  are  all  of 
vitrified  clay  pipe,  connecting  with  the  city  sewers. 

In  two  parks,  Bessemer,  89th  St.  and  South  Chicago  Ave.,  and 
Russell,  83rd  St.  and  Bond  Ave.,  no  city  sewers  were  available  at  the 
time  the  parks  were  constructed  and  temporary  pumps  were  put  in, 
discharging  into  the  nearest  ditch.  Of  these  the  one  at  Russell 
Square  has  been  discontinued  as  the  new  city  sewer  has  reached  the 
neighborhood,  and  the  one  at  Bessemer  Park  will  be  within  a  few 
months.  Catch-basins  are  placed  in  pairs  about  150  ft.  apart,  or 
less,  where  circumstances  require,  along  drives  and  walks.  Most  of 
them  have  been  made  of  concrete  of  the  designs  shown,  the  smaller 
one  for  walks  and  the  larger  for  drives.  The  walk  basins  are  cast 
in  the  moulding  room,  in  sheet  iron  moulds,  at  a  cost  of  about  $3.00 
each,  exclusive  of  frame  and  grate  which  adds  about  75  cents  more. 
The  drive  basins  and  manholes  of  the  same  pattern  are  built  in  place 
without  an  outside  form,  if  in  clay,  but  if  in  sand,  a  sheet  metal  form 
or  ring  is  used  which  is  lifted  as  the  concrete  is  placed  and  back- 
filled. The  inside  forms  are  either  of  wood  or  steel,  built  in  sections 
and  collapsible.  If  of  wood  the  cone  is  separate  from  the  drum,  but 
in  a  new  design  of  steel  form  we  have  recently  designed  the  cone 
and  drum  is  made  in  one  piece.  The  cost  of  the  concrete  drive  catch 
basins  is  $12.00  against  $20.00  if  built  out  of  brick. 

The  outlet  from  walk  basins  is  of  6  in.  and  from  drive  basins  of  9 
in.  pipe.  Seldom  are  any  of  the  connections  trapped,  as  but  few 
of  the  park  sewers  receive  anything  but  surface  water. 

The  lighting  of  all  the  older  parks  and  boulevards  is  done  from  the 
generating  station  in  Washington  Park  which  is  now  being  rebuilt 
and  refitted  with  turbo-generators  of  the  latest  type,  of  a  capacity  to 
light  all  the  new  parks  in  the  system.  High  tension  circuits  laid  in 
conduits  lead  from  the  power  house  to  a  distributing  point  in  each 
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park  building  where  the  transformers  and  regulating  instruments  are 
located.  The  arc  lamps  for  outdoor  lighting  are  of  the  Fort  Wayne 
enclosed  type.  An  average  of  50  are  used  in  each  10  acre  park.  The 
posts  are  of  cast  iron,  with  moulded  concrete  base,  are  12  ft.  high 
from  the  ground  line  to  center  of  light,  of  as  light  and  simple  a 
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design  as  is  consistent  with  necessary  strength.  The  lighting  is  suf- 
ficient for  the  use  of  swimming  pools  and  outdoor  gymnasiums  at 
night,  each  gymnasium  ground  being  lighted  by  a  cluster  of  six 
arc  lights  on  a  specially  constructed  post  20  ft.  high. 

The  walks  in  the  10  acre  parks  are  all  of  concrete  while  in  those 
of  larger  size  they  are  generally  of  crushed  stone  with  top  dressing 
of  coarse  torpedo  sand.  The  concrete  walks  are  of  the  sections 
shown,  5  in.  thick  with  top  dressing  1  in.  thick  of  mortar  1  of  cemet 
to  \l/i  torpedo  sand.  On  the  street  sidewalks  where  curbing  is  used 
the  curb  is  laid  5  in.  below  grade  and  the  walk  over  the  top  of  it. 
This  is  partly  for  sake  of  better  appearance  and  partly  to  prevent  the 
pushing  out  of  line  of  the  curb  by  the  expansion  of  the  concrete  walk 
— a  condition  so  often  seen  at  the  ends  of  long  lines  of  walks.  The 
best  results  have  been  obtained  by  laying  the  walks  with  a  24  in. 
expansion  joint  every  40  or  50  ft.  The  intermediate  joints  may  be 
paper  or  sanded  joints.  Cut  joints  are  not  satisfactory  as  the  cuts 
some  times  close  up  or  are  not  deep  enough  to  prevent  the  stones 
from  cracking  elsewhere  than  in  the  joints.  It  is  not  good  construc- 
tion to  from  the  open  joints  in  the  body  of  the  stone  and  trowel  the 
finishing  coat  continuously  over  the  joints  depending  on  cutting 
through  afterwards  to  meet  the  joints  below.  It  cannot  be  done 
accurately  every  time  and  unsightly  cracks  are  sure  to  appear.  Some 
specifications  call  for  %  in.  open  joints  to  be  made  between  every  pair 
of  stones  by  the  insertion  of  a  metal  strip  while  laying.  While  this 
works  well  in  curbs  we  do  not  find  it  is  good  for  walks.  Small 
gravel,  harder  than  the  concrete,  lodge  in  the  joints  and  when  the 
walk  expands  under  heat  small  pieces  are  chipped  out  of  the  finished 
top  of  the  stone  at  the  joints  where  the  gravel  are  wedged  in.  An 
occasional  larger  expansion  joint  can  be  kept  clear  of  gravel  that 
would  be  harmful,  while  the  l/i  in.  joint  cannot. 

Crushed  stone  walks  and  drives  are  made  of  the  section  shown 
with  a  crown  of  about  4  in.  in  a  10  or  12  ft.  walk  and  9  in.  in  a 
35  ft.  driveway.  The  section  in  the  illustration  is  of  a  50  ft.  drive 
and  10  ft.  walk  with  a  12  ft.  planting  space  between.  In  the  walks, 
which  are  generally  4  in.  thick,  stone  not  exceeding  \y2  in.  is  used 
with  enough  of  the  smaller  sizes  and  screenings  to  make  a  compact 
smooth  surface.  In  the  drives,  which  are  from  8  to  12  in.  thick,  the 
coarstest  stone  is  3  in.,  filled  with  smaller  sizes  down  to  %  in.,  and 
finally  with  the  minimum  quantity  of  coarse  screenings  needed  as  a 
hinder  and  filler.  Each  grade  of  stone  is  heavily  rolled  as  spread, 
the  theory  being  the  nearer  we  come  to  making  a  mosaic  of  the  coarse 
st  me  and  the  less  screenings  needed  to  fill  remaining  voids  the  more 
durable  the  road  surface.  No  "binding  gravel"  or  mixture  of  clay 
and  gravel  is  used  in  the  South  Park  roads  as  a  binder  on  account  of 
it>  unstable  character,  and  granite  or  other  hard  stone  is  practically 
discontinued  as  a  surfacing  material,  because  on  our  pleasure  drives 
the  problem  is  no  longer  to  get  a  material  hard  enough  to  withstand 
the  abrasion  from  iron  shod  hoofs  and  wheels,  but  to  get  a  surface  of 
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a  texture  and  toughness  sufficient  to  resist  the  traction  and  suction  of 
automobile  tires. 

It  may  seem  I  am  getting  somewhat  away  from  my  subject  when 
I  describe  the  construction  of  a  driveway  that  may  belong  to  a  boule- 
vard or  a  parkway  for  the  use  of  vehicles,  but  some  of  the  new 
small  parks  have  drives  through  them,  others  are  now  'inked  to- 
gether by  the  boulevards,  and  all  may  be  some  day,  with  further 
extension  of  the  boulevards. 

The  suppression  of  dust  on  macadam  roads,  walks  and  play- 
ground areas  where  grass  cannot  be  maintained  is  a  very  serious 
problem  in  park  maintenance.  The  time  honored  method  of  sprink- 
ling with  water  is  not  entirely  satisfactory.  It  is  expensive  and  re- 
quires constant  repetition.  Surface  treatment  with  coal  tar  prepara- 
tions and  asphaltic  oils  has  been  tried  on  a  number  of  the  drives  and 
walks  of  the  South  Parks  with  much  success.  The  cost  has  been 
from  $y2  to  6y2  cents  per  square  yard  for  the  first  treatment  which 
will  last  from  one  to  two  years  according  to  amount  of  use.  It  not 
only  goes  far  towards  suppressing  dust,  reducing  sprink'ing  bv  at 
least  6o7c,  but  it  adds  greatly  to  the  life  of  the  wearing  surface  of 
the  road.  What  the  condition  will  be  after  the  second  vear,  or  what 
further  treatment  will  be  required  cannot  now  be  told,  as  its  use  does 
not  extend  over  a  longer  period. 

The  method  of  application,  is  to  spread  it  hot,  about  Y\  gallon  per 
>quare  yard,  with  a  layer  of  limestone  chips  over  it  while  still  soft, 
and  roll  thoroughly.  This  is  preferred  to  oil  applied  frequently  in 
the  form  of  an  emulsion  with  water,  because  each  application  leaves 
the  surface  in  a  sloppy,  oily  condition.  It  is  better  to  make  one 
thorough  application,  cover  it  with  stone  screenings  and  have  done 
with  it. 

All  the  small  parks  under  the  jurisdiction  of  the  South  Park  Board 
are  enclosed  with  substantial  iron  fencing.  It  is  of  simple  design, 
5  ft.  6  in.  in  height,  8  ft.  panel  lengths,  with  one  inch  square  line 
posts  set  in  concrete  bases.  At  all  corners,  intersections  and  gate- 
ways, concrete  posts  1 8  to  24  in.  square  are  bui'.t,  with  moulded  can 
and  ball  on  top.  46,000  lin.  ft.  of  fence  of  this  type  was  built  in  the 
small  parks  in  1905-6  under  one  contract,  said  by  the  manufacturer 
to  be  the  largest  contract  for  iron  fence  ever  let. 

Concrete  has  been  used  for  a  great  variety  of  purposes  in  the 
Small  Park  construction,  and  it  seems  eminently  adapted  therefor. 
It  has  two  essential  qualities,  permanency  and  pliability.  It  i>  as 
permanent  in  buildings  as  stone  or  brick,  it  can  be  formed-  or 
moulded  to  a  greater  variety  of  shapes  or  conditions  and  i>  cheaper 
than  either  unless  it  be  compared  to  the  very  cheapest  grade  of 
brick.  In  moulded  work  there  have  been  made  steps,  railing  for 
walls  and  bridges,  drinking  fountains,  columns,  architectural  orna- 
ments, caps  and  balls  for  fence  posts,  seats,  bases  tor  lamp  posts, 
walk  catch  basins,  flower  va-e->,  etc.  Most  of  these  articles  are 
faced  with  mortar  of  proportions   1   to  2^  or  1   to  3,  but  in  a  few 
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cases  where  the  masses  are  small,  as  in  seats  and  drinking  fountains, 
the  whole  thing  is  made  of  mortar.  The  moulds  are  made  either  of 
wood  or  galvanized  sheet  iron.  The  surface  is  generally  treated 
with  an  acid  preparation  to  remove  the  skin  of  cement  that  forms 
on  the  surface  and  to  expose  the  grains  of  sand  or  other  aggregate. 
In  this  way  much  of  the  effect  of  cut  stone  is  produced.  Granite 
may  be  closely  imitated  by  using  crushed  granite  as  the  aggregate,  or 
different  kinds  of  sandstone  by  the  use  of  the  proper  kind  of  sand 
with,  perhaps,  the  addition  of  a  little  mineral  coloring  matter. 
Lamp-black,  mineral  red  and  yellow  ochre  have  been  used  to  color 
steps,  bases  and  walks — anything  of  concrete  on  or  near  the  ground — 
to  relieve  the  glare  of  light  on  a  smooth  grey  surface. 

In  nine  of  the  small  parks  the  buildings  have  been  constructed  en- 
tirely of  concrete.  They  are  monolithic  structures  with  but  little 
reinforcement  in  any  part.  They  are  generally  one,  or  at  the  most 
two.  story  structures  of  simple  design,  with  broad  spreading  roofs 
and  plain  wall  surfaces.  The  concrete  is  a  limestone  concrete  without 
color  or  treatment  of  any  kind.  The  proportions  are  one  of  cement, 
three  of  limestone  screenings  and  three  of  crushed  limestone  of  the 
size  known  as  quarter  inch.  It  is  mixed  quite  dry  and  crumbly, 
just  so  no  water  will  flush  to  the  surface  when  rammed.  The  result 
is  a  soft  grey,  grainy,  somewhat  honeycombed  surface  of  uniform 
texture  that  does  not  show  form  marks  and  does  not  stain  readily. 
Xo  efflorescence  has  ever  appeared  on  this  concrete,  and,  of  course, 
there  are  no  half  cracks  on  the  surface. 

Generally  the  park  buildings  have  no  plaster  or  other  finish  on  the 
interior  walls,  only  the  plain  concrete  with  sometimes  a  coat  of 
paint,  either  oil  or  distemper,  to  give  a  little  color.  The  porosity  of 
this  concrete  is  the  greatest  objection  to  it.  Exposed  directly  to  the 
action  of  water,  as  it  is  in  the  shower  bath  rooms  and  gymnasiums, 
it  readily  absorbs  moisture  enough  to  show  damp  on  the  outside.  To 
overcome  this,  the  inside  of  the  walls  in  the  bath  and  toilet  rooms 
have  been  plastered  with  cement  mortar  with  a  percentage  of  water- 
proofing compound.  This  has  been  effective.  Although  the  walls 
are  so  permeable  and  must  absorb  a  good  deal  of  water  from  rains, 
frost  has  no  perceptible  effect  on  it.  Even  the  sharp  corners  of 
walls  and  projections  are  absolutely  unaffected  by  the  action  of 
moisture  and  frost. 

Besides  the  extensive  use  of  this  kind  of  concrete  in  buildings  it 
has  been  used  in  retaining  walls  and  reinforced  arch  bridges  as  a 
facing  only,  in  thin  walls  for  service  yards,  columns  and  fence  posts 
with  equally  satisfactory  results.  About  3,000  lin.  ft.  of  service 
yard  walls,  from  8  to  12  in.  thick  and  from  9  to  12  ft.  high  have 
been  built  in  the  ten  small  parks  that  are  completed.  These  walls  are 
exposed  on  both  sides  and  have  no  protection  except  a  tile  coping 
on  top,  and  no  precautions  have  been  taken  except  to  provide  ex- 
pansion joints  every  30  or  40  feet. 

Our   experience   in   the   construction   of  various   kinds   of  walls 
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emphasizes  the  necessity  of  providing-  plenty  of  joinst  for  expansion 
or  contraction  where  these  forces  are  not  cared  for  by  steel  rein- 
forcement. The  thinner  the  wall  and  the  more  exposed,  the  Greater 
the  need  for  joints. 

In  the  construction  of  the  open  air  swimming  pools  quite  a  problem 
was  found.  The  construction  that  has  been  used  is  unreinforced  walls 
and  bottom  without  joints.  The  walls  were  9  ft.  high  above  floor 
line  in  the  deep  ends  of  the  pools,  4  ft.  thick  at  the  base  and  20  in. 
thick  at  the  top.     The  bottoms  were  2   ft.   thick.     Two  layers  of 
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asphalt  mastic  were  provided  6  in.  and  12  in.  respectively  from  the 
face  of  the  concrete  next  the  water.  The  walls  and  bottom  were 
built  in  three  layers,  with  the  asphalt  applied  as  plaster  when  the 
forms  were  removed  from  each  layer.  The  result  has  been  cracks 
and  plenty  of  them,  more  than  were  anticipated.  In  a  few  cases, 
where  the  pools  were  founded  on  a  cinder  fill  or  on  sand  that  was 
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well  drained,  the  cracking  was  not  so  very  bad.  but  generally  the 
upper  layer  of  the  bottom  broke  up  badly,  requiring  considerable  re- 
pairs, and  the  sidewalls  cracked  in  a  lesser  degree.  The  water  evi- 
dently found  its  way  through  the  first  layer  of  concrete  and  we  may 
assume  formed  a  thin  sheet  on  the  mastic,  where  it  did  not  find  a 
crack  to  go  on  through,  and  when  the  tank  was  emptied  there  was  a 
hydrostatic  head  on  the  top  layer.  It  was  not  considered  prudent 
to  leave  the  pools  full  of  wrater  during  the  winter,  so  when  the 
frost  came,  it  found  some  water  below  the  top  layer  of  concrete  on 
the  mastic  which  in  freezing  helped  break  up  the  concrete!  And  so 
the  work  of  destruction  went  on.  The  remedy  proposed  is  to  build 
the  next  pool  of  reinforced  concrete,  designed  especially  to  resist 
contraction  due  to  extreme  changes  of  temperature.  The  walls  and 
bottom  would  be  built  in  one  layer  without  joint.  The  walls  would 
be  12  in.  thick  at  base  and  8  in.  at  top.  A  buttress  would  be  built 
on  the  back  every  ten  feet  and  the  walls  reinforced  horizontally  to 
act  as  slabs  supported  by  the  buttresses.  This  design  is  proposed 
instead  of  a  wall  designed  as  a  cantilever  supported  at  the  bottom  and 
reinforced  principally  vertically,  because  the  heavy  horizontal  rein- 
forcement is  in  the  proper  direction  to  resist  temperature  and  con- 
traction stresses.  When  the  pool  is  full  it  is  expected  the  pressure  on 
the  side  walls  will  be  practically  balanced,  but  when  empty  the  pres- 
sure from  the  outside  will  be  that  of  a  partially  saturated  fill.  Also 
when  the  pool  is  full  it  is  figured  the  foundation  will  be  compact 
enough  to  carry  the  load  without  enough  compression  to  produce 
serious  bending  moment  in  the  bottom.  The  foundation  will  be  made 
for  a  depth  of  18  in.  of  cinders  and  well  underdrained  by  lines  of 
clay  tile  to  prevent  any  upward  pressure.  The  only  waterproofing 
will  be  in  the  finishing  surface  coat  and  may  be  some  waterproofing 
compound  used  in  the  mortar,  or  a  treatment  of  the  surface  after 
completion.  It  would  not  be  a  mastic  or  a  membrane  as  either 
would  be  evidently  objectionable  in  such  a  position. 

As  to  the  results  accomplished,  or  the  "Sociological"  side  of  the 
matter,  a  few  statistics  may  be  interesting  and  instructive.  Daily 
records  are  kept  of  the  number  of  people  who  make  use  of  the 
various  Small  Park  facilities.  For  the  year  1906  the  total  number 
is  as  follows : 

Indoor   Gymnasiums    371,158 

Shower  Baths   806.032 

Outdoor  Gymnasiums  and  Playgrounds.  .  .  .  2,278.847 

Swimming  Pools   765,299 

Assembly   Halls    186.534 

Club  Rooms    28.231; 

Reading   Rooms    608,274 

Lunch  Rooms 429,312 


5473.695 

These  figures  mean  those  who  actually  participated  in  the  various 
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exercises,  games  or  recreations  afforded.  The  visitor  or  the  one  who 
simply  walks  around,  sits  down  or  looks  on  is  not  counted,  though  he, 
of  course,  is  making  use  of  the  park  and  doubtless  deriving  benefit 
therefrom. 

The  proportionate  use  of  the  facilities  offered  vary  in  different 
parks,  that  is,  the  park  that  holds  the  record  of  the  largest  number 
of  bathers  does  not  hold  the  record  of  largest  attendance  in  the 
gymnasiums,  etc.  One  swimming  pool,  Ogden  Park,  had  107,076 
swimmers  in  1906  but  this  number  was  exceeded  by  McKinley  Park 


View  in  McKinley  Park. 

in  1904  before  other  pools  were  finished  and  opened  to  the  public. 

Statistics  might  be  multiplied,  but  they  belong  more  properly  in 
an  official  report  than  in  a  paper  like  this.  Suffice  is  to  say  that 
many  of  the  facilities  provided  are  overcrowded  and  there  is  a 
demand  for  enlargement  all  along  the  line  and  a  great  cry  from 
other  sections  of  the  South  Side  to  build  more  Small  Parks. 

The  need  of  such  institutions  as  the  small  parks  in  a  city  like 
Chicago  scarcely  needs  further  proof,  and  if  proof  was  needed  it  is 
scarcely  within  the  scope  of  such  a  paper  as  this  to  offer  it.  One 
needs  but  a  slight  acquaintance  with  the  city  to  understand  there  are 
thousands  of  men,  women  and  children  who  are  out  of  reach  of  the 
older  and  larger  parks  and  whose  only  breathing  spaces  and  play- 
grounds are  the  streets.  These  people  need  something  more  than 
merely  the  freedom  of  a  park,  and  in  the  free  gymnasiums,  bathing 
facilities,  reading  rooms,  assembly  halls  and  club  rooms,  and  regu- 
lated playgrounds,  the  effort  is  made  to  furnish  them  something 
more. 
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In  each  park  there  is  a  manager  in  charge  of  the  buildings  with  all 
necessary  assistants  to  keep  them  in  the  best  possible  condition,  and 
attend  to  the  wants  of  the  people ;  there  are  two  instructors  in  charge 
of  the  gymnasiums,  a  man  and  a  woman,  working  under  a  competent 
director  of  the  Department  of  Athletics,  and  the  necessary  police  to 
maintain  order.  Xo  charge  is  made  for  the  use  of  the  buildings  or 
any  of  the  facilities  provided. 

In  the  construction  of  the  small  parks  there  are  two  fundamental 
ideas — simplicity   and   permanence — and   in   their   management  also 
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two — order  and  cleanliness.  Each  of  these  is  expected  to  teach  its 
own  lesson  and  bear  fruit.  That  they  have  borne  fruit  is  evidenced 
by  the  increased  respect  for  law  and  order  and  cleanliness  that  is 
ipparent  in  the  neighborhoods  where  they  have  been  established. 

The  people  of  Chicago  have  acted  with  characteristic  largeness  and 
liberality  in  these  matters  and  the  result  is  that  there  has  been  and 
is  being  established  the  largest  and  most  perfectly  appointed  system 
of  public  recreation  grounds  in  the  world. 

Discussiox. 

President  Abbott :  It  is  a'pparent,  after  looking  at  these  pictures 
( especially  the  last  one  thrown  upon  the  screen),  that  the  inevestment 
which  the  City  is  making  for  this  Small  Park  System  is  a  profitable 
one.  The  children  who  take  advantage  of  what  these  parks  offer 
have,  as  a  rule,  no  other  convenient  recreation  grounds,  and  if  the 
small  parks  were  not  scattered  as  they  are,  the  children  would  be 
obliged  to  seek  playgrounds  in  the  larger  parks  miles  away,  and 
naturally  would  not  frequent  them  as  often  as  they  do  the  smaller 


Discussion — Small  Parks   in  Chicago  121 

ones.  I  presume  the  entertainment  in  healthful  sport  does  not  cost 
the  Park  Commissioners  more  than  a  few  cents  for  each  child,  and 
where  else  could  they  get  such  profitable  entertainment  at  a  price 
many  times  greater  than  that? 

We  notice  in  an  engineering  way  that  the  greater  part  of  the 
work  is  in  concrete,  and  I  presume  without  modern  concrete  con- 
struction a  great  deal  of  this  work  would  not  be  possible.  Certainly 
if  the  same  amount  of  money  were  to  be  spent  in  buildings  of  other 
construction,  the  expense  would  be  much  greater  and  the  structures 
would  not  be  so  enduring,  and  naturally  we  would  have  less  of  them. 

Mr.  A.  C.  Schroder,  m.w.s.e.  :  The  West  Chicago  Park  Commis- 
sioners entered  into  this  work  only  this  year,  and  they  are  not  very 
far  advanced  in  the  construction  of  small  parks.  Plans  are  made  for 
three,  but  only  two  of  the  parks  are  in  process  of  construction.  The 
plans  are  practically  along  the  same  lines  as  those  of  the  South 
Parks  system,  except  that  the  buildings  will  be  constructed  of  brick 
throughout  rather  than  of  concrete. 

These  three  small  parks  are  located  in  the  most  densely  pop- 
ulated sections  of  the  west  side  of  the  city,  where  there  is  but  little 
or  no  place  for  play  or  recreation  for  children.  One  small  park  is 
bounded  by  Chicago  Ave..  Cornell  St.,  Xoble  St.,  and  Chase  St.,  and 
contains  8.12  acres.  Another  is  bounded  by  20th  St.,  21st  St.,  Fisk 
St.  and  May  St.,  and  contains  3.85  acres.  A  third  small  park  pro- 
posed is  bounded  by  Barber  St.,  14th  Place,  Union  St.  and  Jefferson 
St.,  and  contains  2.89  acres. 

There  can  be  no  doubt  of  the  beneficial  effect  upon  a  community, 
resulting  from  the  existence  of  small  parks  and  playgrounds,  pro- 
vided they  are  well  managed 

The  swimming  pool,  playgrounds,  outdoor  and  indoor  gymnasium, 
shower  baths,  reading  and  lecture  rooms,  are  features  usually  intro- 
duced and  should  be  conducive  to  physical  as  well  as  mental  develop- 
ment, especially  where  the  management  provides  correct  direction 
of  effort. 

The  work  of  the  South  Park  Commissioners  is  particularly  com- 
mendable and  shows  discrimination  in  the  introduction  of  certain 
features  into  the  small  parks  and  shows  careful  management.  With 
the  continued  growth  of  the  city  it  is  apparent  that  the  west  side  is 
particularly  in  need  of  a  greater  number  of  small  parks  and  play- 
grounds. Aside  from  this  we  should  not  lose  sight  of  the  possi- 
bility of  acquiring  an  outer  belt  system  of  parks  and  drives. 

Mr.  J  P.  Ball,  m.w.s.e.:  I  think  the  officials  of  the  South  Park 
Commission  are  to  be  highly  commended  for  the  successful  way  in 
which  they  are  carrying  out  these  improvements. 

Mr.  T.  L.  Condron,  m.w.s.e.  :  I  have  given  a  good  deal  of  atten- 
tion to  tank  construction,  as  we  might  call  it,  and  was  much  interested 
in  the  cross-section  of  the  reinforced  concrete  tank  which  Mr.  White 
showed  us.  We  have  just  completed  designs  for  a  swimming  pool, 
to  be  built  by  the  Lincoln  Park  Board,  and  have  adopted  a  very 
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different  cross-section  from  the  one  shown.  I  think  the  one  shown 
is  doubtless  an  excellent  design,  but  believe  the  one  we  have  adopted 
is  equally  as  good.  We  have  recognized  for  some  time  the  fact 
that  you  cannot  make  monolithic  concrete  waterproof  by  the  use  of 
mastic  or  any  waterproofing  material  you  may  use,  as  Mr.  White 
has  clearly  explained,  and  the  most  essential  thing  is  to  so  construct 
the  walls  of  the  reservoir  that  they  will  not  crack  open  from  tempera- 
ture, contraction  or  shrinkage  of  the  setting  of  the  concrete  or  frost 
action. 

In  the  tank  we  have  designed  we  have  assumed  that  the  pressure 
on  the  bottom,  which  is  the  most  critical,  will  be  that  due  to  frost 
and  of  a  sufficient  amount  to  lift  the  side  walls  of  the  tank,  together 
with  the  resistance  the  earth  may  offer  in  friction.  If  you  have  the 
bottom  strong  enough  to  resist  this  action  it  will  not  be  broken  by 
the  frost. 

I  think  the  work  of  the  South  Side  Board  is  of  such  character  that 
we  cannot  begin  to  appreciate  what  it  means  to  this  community,  in 
the  enormous  influence  it  will  have  in  elevating  the  future  citizens 
of  our  city.  There  is  nothing  I  know  of  in  the  work  of  the  churches, 
social  settlements,  or  any  of  the  other  great  efforts  in  this  com- 
munity to  raise  the  standard  of  our  citizens,  that  surpasses  what  wq 
may  believe  will  be  the  effects  of  these  small  parks.  The  sociologi- 
cal feature  impresses  us  the  most,  and  when  we  see,  in  addition  to 
this,  with  what  great  care  and  evident  ability  the  engineering  work 
has  been  done,  we  can  certainly  be  proud  of  the  fact  that  we  have  a 
South  Park  Board,  and  that  we  have  engineers  connected  with  the 
South  Parks  who  are  working  for  our  interests  in  this  city.  I  know 
that  the  attention  of  the  whole  country  is  being  called  to  the  small 
parks  work  being  done  in  this  city. 

Mr.  J.  H.  Warder,  m.w.s.e.  :  I  will  call  attention  to  the  map  show- 
ing the  location  of  the  small  parks.  I  understand  that,  with  the 
completed  system  of  parks  as  planned,  the  residents  throughout  the 
South  Side  will  have  a  park  or  playground  within  a  distance  of  a 
mile  and  a  half.  Certainly  this  scheme  which  the  South  Parks 
Commission  is  developing  is  a  very  comprehensive  one. 

Mr.  Condron :  I  understand  that  the  parks  are  used,  to  a  very 
large  extent,  by  adults  in  the  evening? 

Mr.  White :  Yes,  that  is  true ;  the  hours  are  arranged,  I  think,  in 
all  cases  for  the  interior  work  so  that  the  evening  is  devoted  to  the 
adults  and  the  day  to  the  children.  Of  course  the  pictures  were 
taken  in  the  day-time,  and  a  large  proportion  of  them  show  children 
at  play,  but  that  does  not  mean  at  all  that  they  are  the  only  ones  using 
them.  The  records  we  have  kept  distinguish  in  many  instances  be- 
tweent  the  children  and  adults,  but  not  in  all  cases,  so  we  cannot 
show  exact  results.  The  bathing  facilities  are  used  by  the  adults, 
especially  in  the  districts  about  the  manufacturing  centers,  and  the 
gymnasiums  are  crowded  by  working  men  and  boys,  in  the  evening. 
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Mr.  M.  K.  I'nonbidl,  m.w.s.e. :  We  are  indebted  to  Mr.  White 
for  the  interesting  paper  that  he  has  presented  to  us.  I  am  glad  that 
our  President  and  Mr.  Condron  have  referred  to  the  sociological 
feature  which  should  be  brought  out  very  forcibly  in  connection  with 
the  Small  Parks  System. 

Whenever  I  hear  a  discussion  on  the  subject  of  small  parks  it 
seems  fitting  that  the  name  of  Jacob  Riis  should  be  mentioned — a 
man  who  has  done  so  much  toward  advancing  this  great  branch 
of  sociological  work. 

It  is  very  fortunate  that  we  have  such  institutions  as  the  South 
Parks  Board,  the  West  Parks  Board,  and  the  Lincoln  Park  Board, 
and  in  carrying  out  the  "City  Beautiful"  idea  it  is  a  splendid  thing 
that  they  do  not  confine  themselves  to  the  sociological  feature  alone. 
They  are  attempting  to  build  up  the  city  along  the  lines  which  have 
been  spoken  of  so  much  during  the  last  few  years,  and,  as  we  all 
know,  the  city  officials  of  Chicago  are  endeavoring  to  suppress  the 
smoke  nuisance,  the  railroad  companies  have  elevated  their  tracks  in 
the  busiest  portion  of  the  city  to  a  great  extent,  and  when  the 
time  comes  when  the  smoke  can  be  prevented  from  passing  out  in 
black  clouds  from  the  chimneys  of  office  buildings,  mills,  factories, 
and  from  railroad  locomotives,  we  will  have  gone  far  toward  the 
realization  of  the  "City  Beautiful." 

It  is  to  be  regretted,  however,  that  we  have  not  some  Commission 
analogous  to  the  South  Parks  Board  to  take  care  of  the  central 
portion  of  the  city.  The  Board  of  Supervising  Engineers  is  doing 
everything  possible  toward  the  improvement  of  elevated  and  surface 
lines  of  transportation,  but  it  seems  to  me,  as  we  look  forward  to 
the  future  twenty-five  to  fifty  years,  we  will  find  that  the  business 
area  is  greatly  restricted  by  the  physical  limitations — the  Chicago 
river  on  the  north  and  west,  Lake  Michigan  on  the  east,  and  the 
railroad  terminals  on  the  south.  It  would  be  a  splendid  thing  if  a 
Commission  might  be  appointed  which  would  look  toward  the  ex- 
pansion of  the  business  center  at  the  same  lime  this  question  of  trans- 
portation is  before  the  public,  for  this  is  a  problem  which  will 
demand  solution  at  a  time  not  far  distant  in  the  future. 

Mr.  C.  K.  Mohler,  m.w.s.e.:  I  would  like  to  ask  Mr.  White  if  he 
can  tell  us  where  the  idea  of  small  parks  originated — or  if  it  origi- 
nated with  Mr.  Riis  ?  The  results  of  such  work  as  his  in  New  York 
City  have  been  very  marked.  In  some  places  they  have  bought1  up 
whole  squares  of  tenement  houses,  torn  them  down  and  established 
amusement  parks.  I  would  also  ask  Mr.  White  if  he  can  tell  us  any- 
thing in  connection  with  the  history  of  that  movement.  The  need  of 
these  playground  parks  in  certain  districts  can  hardly  be  over-esti- 
mated. Of  course  in  the  outlying  districts  before  they  are  closely 
built  up  the  children  can  use  the  vacant  lots  for  playgrounds,  but  as 
soon  as  these  lots  are  built  up  that  feature  will  be  gone,  and  unless 
amusement  parks  are  provided  they  will  be  obliged  to  use  the  streets 
as  their  only  playground.     There  is  no  question  but  that  all  children 
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should  have  an  available  playground,  which  is  a  greater  factor  than 
is  commonly  recognized  in  keeping  them  out  of  "mischief,"  and  in 
producing  "desirable  citizens." 

Closure. 

Mr.  White :  As  to  the  historical  side  of  this  question,  I  hardly 
think  I  am  competent  to  give  a  very  clear  statement,  but  the  small 
park  idea,  certainly  did  not  spring  forth,  fully  developed,  at  first ;  it 
has  been  a  matter  of  growth.  Undoubtedly  the  places  where  ideas 
of  this  sort  were  first  taken  hold  of  to  any  extent  and  developed  in 
this  country  were  such  communities  as  New  York  in  its  Tenement 
House  reforms,  and  Boston.  Boston,  I  think,  had  the  first  small 
playground — the  first  municipal  organization  of  that  sort — and  the 
work  has  been  taken  up  by  men  and  women  of  recognized  standing 
all  over  the  country  from  a  sociological  standpoint.  In  my  paper 
I  did  not  speak  of  any  one  personally,  as  I  felt  that  I  did  not  have  the 
data  to  present  it  in  the  right  light.  The  credit  is  undoubtedly 
divided  among  quite  a  number  of  our  best  people,  and  I  think  the 
development  of  the  idea  as  exemplified  in  the  Chicago  Small  Parks 
was  in  this  country.  While,  of  course,  the  same  sort  of  thing  is 
going  on  in  European  cities,  I  know  of  no  place  where  the  idea 
has  been  developed  as  completely  and  to  as  large  an  extent  as  here 
in  our  own  city. 

The  vacant  lot  as  a  playground  is,  of  course,  a  very  nice  thing, 
but  as  the  city  grows  up  around  it,  the  vacant  lot  becomes  scarcely 
better  than  the  street,  and  the  need  in  a  city  where  there  is  a  large 
population  growing  into  men  and  women  is  to  have  the  right  ex- 
ample set  before  them,  and  have  them  trained  in  the  right  direction 
in  their  p!ay  as  well  as  in  work.  The  great  objects  to  be  attained  in 
the  playground  idea  are — order  and  respect  for  proper  control.  These 
are  features  very  strongly  put  before  the  people  in  the  construction 
and  management  of  these  enterprises.  I  think  the  mere  fact  of  the 
existence  of  a  well  ordered  small  square  or  park,  in  a  poor  and 
crowded  district,  has  an  enormous  civilizing  and  improving  influence. 


IN  MEMORIAM 

Wm.  D.  Hotchkiss. 

Colonel  William  Dye  Hotchkiss,  Assistant  City  Engineer,  a 
member  of  the  Western  Society  of  Engineers  for  twenty-one  years, 
died  at  his  home  in  Chicago  on  the  3rd  of  June,  1907,  at  the  age  of 
fifty  years.  He  was  born  in  Chicago  April  18th,  1857,  where  he 
attended  the  public  schools,  and  later  the  Massachusetts  Institute 
of  Technology  at  Boston,  from  which  he  was  graduated  as  a  Civil 
Engineer.     He  married  Miss  Carrie  E.  Carr  in  1884,  who  survives 
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him  with  a  daughter,  and  a  son  who  is  also  a  member  of  our  Society. 
Colonel  Hotchkiss'  first  engineering  work  was  on  the  location 
survey  of  the  Santa  Fe  Railroad  westward  from  x\lbuquerque,  X.  M., 
in  a  region  where  each  member  of  the  party  carried  firearms  dur- 
ing the  day,  and  at  night  stood  guard  by  reliefs  over  their  camps  for 
protection  from  hostile  indians,  who  had  killed  a  preceding  survey 
party.  After  a  term  of  service  as  a  division  engineer  in  the  con- 
struction of  the  Chicago  and  Northwestern  railroad  from  Milwaukee 
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to  Madison,  Wisconsin,  he  entered  the  Engineering  Department  of 
the  City  of  Chicago.  There  he  was  continuously  employed  to  the  time 
of  his  death. — a  period  of  over  twenty-four  years — being  at  home 
in  all  the  varied  engineering  work  of  the  City.  In  compliment  to  his 
patriotism,  loyalty  of  service  and  fidelity  to  his  duties,  the  City  of 
Chicago  paid  him  his  full  salary  during  his  year's  service  in  the  army, 
in  the  war  with  Spain. 

He  was  the  only  son  of  General  C.  T.  Hotchkiss, — a  long  time 
and  well  known  resident  of  Chicago,  a  veteran  of  the  Civil  War, 
and  for  several  years  following  the  great  Chicago  fire  a  prominent 
public  official.  The  son,  true  to  his  inheritance  of  patriotic  Amer- 
ican life,  early  entered  our  local  military  service  as  an  officer  in  the 
second  regiment  Illinois  National  Guard,  of  which  he  was  Lieu- 
tenant Colonel  and  its  Treasurer  for  ten  years.  In  recognition  of 
his  well  known  courage  and  ability,  he  was  given  command  of  im- 
portant operations  when  the  regiment  was  called  out  at  different 
times  during  local  disturbances. 

With  that  regiment  he  volunteered  for  the  Spanish-American 
War,  and  in  the  absence  of  its  Colonel,  Lieut.-Col.  Hotchkiss  com- 
manded the  regiment  in  its  transport  from  the  United  States  to  Cuba, 
and  during  the  military  proceedings  at  the  lowering  of  the  Spanish 
and  hoisting  of  the  American  flag  over  the  Island's  Capitol  Building 
and  Moro  Castle  in  Havana. 

A  capable,  modest,  and  honest  man,  always  loyal  to  his  convic- 
tions of  right  in  matters  with  which  he  had  to  do,  a  genial  and  com- 
panionable gentleman  in  his  home  and  with  his  associates  in  every 
day  life,  is  the  fitting  history  in  epitome  of  Colonel  Hotchiss'  up- 
right life. 

(Signed)   Ricard  O'S.   Burke, 
T.  Frank  Ouilty, 
B.  E.  Grant, 

Committee. 


William  Samuel  Love. 

By  the  death  of  William  S.  Love,  which  occurred  December 
nth,  1907.  at  his  home  in  East  Orange,  New  Jersey;  this  Society 
and  the  Engineering  Profession   in  general,  suffered  a  great  loss. 

Mr.  Love  was  born  May  20th,  1865,  in  St.  Louis.  His  early 
education  was  in  the  St.  Louis  grammar  schools,  and  he  went  from 
them  to  Smith  Academy,  the  classical  preparatory  school  of  Wash- 
ington University,  St.  Louis.  Having  strong  mechanical  tastes  he 
did  not  graduate  from  Smith  but  changed  over  to  the  manual  train- 
ing school,  which  had  just  been  opened.  He  spent  one  year  there 
and  graduated  with  the  first  class,  in  1883,  after  which  he  entered  the 
freshman  class  of  the  Engineering  Department  of  Washington  Uni- 
versity. His  original  intention  was  to  follow  civil  engineering  as 
a  profession  and  he  therefore  accepted  a  position  with  a  surveying 
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party  on  the  Texas  &  Pacific  R.  R.  in  Arkansas,  at  the  end  of  his 
junior  year.  After  a  year  spent  in  railroad  work  he  decided  to  com- 
plete his  course  in  the  department  of  mechanical  engineering,  and 
returning  to  Washington  University,  graduated  with  the  degree  of 
Bachelor  of  Science  in  Mechanical  Engineering,  in  June,  1888. 

Immediately  after  graduation,  he  accepted  a  position  with  the 
Street  Department  of  the  City  of  St.  Louis,  remaining  with  them 
until  the  early  part  of  1889,  when  he  entered  the  service  of  the  Pond 
Engineering  Co.  From  the  Engineering  office  he  was  transferred 
to  the  Sales  Department,  where  his  efforts  were  so  successful  that 
when  the  Company  was  reorganized  as  the  Pond  Machinery  Co.,  Mr. 
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Love  became  a  partner  and  was  made  Secretary.  The  Pond  Co. 
had  then  a  number  of  branch  offices  and  it  was  decided  to  give  Mr. 
Love  charge  of  the  Chicago  house,  to  which  city  he  moved  in  the 
summer  of  1892.  The  Pond  Machinery  Co.  decided  to  close  up  its 
business  shortly  after,  and  Mr.  Love  personally  succeeded  to  its 
agencies  in  Chicago,  particularly  those  of  the  Armington  &  Sims 
Engine  Co.  and  the  Hoppes  Mfg.  Co.  In  1895  he  took  charge  of  the 
Chicago  Office  of  the  Abendroth  &  Root  Mfg.  Co.  and  conducted 
this  business  successfully  until  1897,  when  the  Wheeler  Condenser 
&  Engineering  Co..  of  New  York,  opened  an  office  in  Chicago,  and 
Mr.  Love  accepted  the  position  of  Western  Sales  Manager.  So 
successful  was  his  work  in  Chicago  that  it  led  to  his  appointment 
as  General  Sales  Manager  of  the  Wheeler  Company  and  his  removal 
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to  New  York  in  December,  1906.  While  in  charge  of  the  Chicago 
office  he  took  contracts  for  many  important  condenser  and  cooling 
tower  installations,  among  them  being  the  Union  Light  &  Power  Co., 
in  St.  Louis ;  the  "Alley  L"  in  Chicago ;  the  Metropolitan  Street  Ry., 
in  Kansas  City ;  the  Central  Illinois  Construction  Co.  Power  Houses 
at  Riverton,  111.,  and  Peoria,  a  plant  of  75,000  lbs.  steam  per  hour 
from  steam  turbines,  using  the  exhaust  from  non-condensing 
engines,  in  the  Power  House  of  the  East  St.  Louis  &  Suburban  Ry., 
and  a  100,000  lb.  Barometric  Condenser  &  Towers,  at  the  American 
Car  &  Foundry  Co.,  St.  Louis. 

Mr.  Love  was  the  son  of  the  late  James  E.  Love,  of  St.  Louis, 
and  was  married  in  Chicago,  July  2nd,  1892,  to  Miss  Annie  Archi- 
bald, of  St.  Louis,  who  survives  him,  as  do  also  a  seven  year  old 
son,  his  mother  and  three  sisters.  He  was  a  member  of  the  West- 
ern Society  of  Engineers,  the  American  Society  of  Mechanical  En- 
gineers, the  Engineers  Club  of  Chicago,  the  Union  League  Club  of 
Chicago,  the  Engineers  Club  of  New  York,  the  Loyal  Legion  both 
in  Chicago  and  New  York,  and  of  the  Fourth  Presbyterian  Church 
of  Chicago.  In  all  these  his  interest,  energy  and  ability  made  them- 
selves felt.  Being  of  a  whole  souled  disposition  and  exceedingly 
kind  hearted,  it  is  not  strange  that  he  had  many  warm  personal 
friends.  His  many  engaging  personal  qualities,  his  loyalty  and  the 
energy  and  enthusiasm  with  which  he  undertook  whatever  came  in 
his  way  endeared  him  to  all  with  whom  he  came  in  contact.  To 
these  his  memory  will  ever  be  an  inspiration. 

(Signed)  J.  W.  Schaub, 
D.  W.  Roper, 
Grant  Beebe, 

Committee. 


PROCEEDINGS  OF  THE  SOCIETY; 

MINUTES  OF  THE  MEETINGS 

Annual  Meeting,  January  7,  1908. 
The  38th  annual  meeting  (No.  621  of  the  Society)  was  held  Tuesday  even- 
ing, January  7,  1008.     The  meeting  was  called  to  order  by  President  Abbott 
about  7:15  p.  m.  in  the  library  of  the  Chicago  Athletic  Association  building, 
125  Michigan  Avenue,  with  over  one-hundred  members  and  guests  present. 

The  Secretary  reported  from  the  Board  of  Direction  the  result  of  the  elec- 
tion of  officers  for  the  year  1908,  as  reported  by  the  Judges  of  Election,  viz. 

President    C.  F.  Loweth 

First  Vice  President  J.  W.  Alvord 

Second  Vice  President P.  Junkersfeld 

Third  Vice  President  D.  W.  Mead 

Treasurer    A.  Reichmann 

Trustee  for  three  years   L.  E.  Ritter 

Also  that  Messrs.  John  Brunner  and  W.  C.  Armstrong  remain  as  Trustees 
for  one  and  two  years  respectively,  and  that  the  three  Past  Presidents — Messrs. 
E.  C.  Carter,  B.  J-  Arnold  and  W.  L.  Abbott — with  the  preceding,  constitute 
the  Board  of  Direction  for  1008. 

The  Secretary  also  read  the  reports  of  two  committees  on  the  award  of  the 
Chanute  medals  for  papers  presented  before  the  Society  in  1905  and  1906,  as 
follow- : 

Chicago,  December  14,  1907. 
To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago. 

Gentlemen  :  We,  the  undersigned,  have  carefully  considered  the  papers 
submitted  to  us  as  a  committee  on  award  of  the  Chanute  Medals  for  the  year 
1905,  and  recommend  that  the  awards  be  as  follows  : 

Electrical  Engineering — To  Charles  H.  Smoot,  for  his  paper  on  "An  Ex- 
perimental Determination  of  Air-gap  Reluctance." 

Mechanical  Engineering — To  C.  E.  Sargent,  for  his  paper  on  'The  Prime 
Mover  of  the  Future." 

Civil  Engineering — To  T.  L.  Condron,  for  his  paper  on  "Strength  of  Re- 
inforced Concrete." 

Very  respectfully  submitted. 

Is  ham    Randolph 
(Signed)     Wm.    S.    Monroe, 
Morgan  Brooks, 

Committee. 

Chicago,  December  7,  1907. 
To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago. 

Gentlemen  :  Your  committee  appointed  to  recommend  the  award  of  the 
Chanute  Medals  for  the  most  meritorious  papers  on  Civil,  Mechanical  and 
Electrical  engineering  subjects,  presented  before  the  Society  by  members 
thereof  during  the  year  1906,  beg  to  report  that  they  have  carefully  consid- 
ered the  papers,  and  recommend  that  the  medals  be  awarded  as  follows : 

Civil  Engineering — To  Mr.  George  H.  Bremner,  for  his  paper  on  "Areas 
of  Waterways  for  Railroad  Culverts  and  Bridges." 

Mechanical  Engineering — To  Mr.  W.  L.  Abbott,  for  his  paper  on"Some 
Characteristics  of  Coal  as  affecting   Performance  with  Steam  Boiler-." 

Electrical  Engineering — To  Mr.  Rudolph  F.  Schuchardt,  for  his  paper  on 
"The  Rotary  Converter  Sub-station." 

The  committee   have  also  considered  the   desirability  of  giving,   with  the 
medals,  an  engraved  diploma  of  award,  and  recommend  that  this  be  done. 
Respectfully  submitted, 

George  A.  Damon. 
(Signed)     B.  F.   Grant, 
C.  E.  Sargent, 

Committee. 
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Soon  after  7  p.  m.  the  members  and  guests  adjourned  to  the  new  Banquet 
Hall  of  the  Chicago  Athletic  Association,  where  dinner  was  served.  At 
the  conclusion  of  the  dinner.  Retiring  President  Abbott  called  the  meeting  to 
order  and  addressed  them  on  the  history  and  growth  of  the  Society,  particu- 
larly as  related  to  the  past  year,  1907.  As  President-elect  Loweth  was  absent, 
due"  to  illness,  Past  President  Abbott  conducted  the  exercises  of  the  evening, 
and  introduced  Mr.  E.  \Y.  McKenna,  of  the  Chicago,  Milwaukee  &  St.  Paul 
Ry  Co.,  who  addressed  the  meeting  on  "The  Railroads  and  the  Interstate 
Commerce  Commission" 

The  Chairman  read  a  telegram  from  Mr.  Samuel  Insul,  President  of  the 
Commonwealth  Edison  Co.,  explaining  his  absence,  as  it  had  been  expected 
that  he  would  address  the  meeting.  Dr.  Edmund  J.  James,  President  of  the 
University  of  Illinois,  was  then  introduced,  who  made  a  very  interesting  ad- 
dress on  the  University.  He  made  a  plea  for  a  more  thorough  grounding  in 
mathematics  and  other  underlying  principles  of  engineering,  even  at  the 
expense  of  some  of  the  time  now  spent  in  manual  training  and  the  study  of  the 
more  practical  questions  of  the  profession.  The  speaker  closed  his  remarks 
by  asking  that  those  present  give  him  by  letter  their  opinion,  upon  the  proposi- 
tions which  he  had  presented. 

Other  addresses  were  made  bv  Past  Presidents  W.  H.  Finley  and  Ralph 
Modjeski;  also  Messrs.  C.  V.  Weston,  A.  N.  Johnson,  D.  W.  Mead,  and  Col. 
W.  H.  Bixby. 

The  meeting  adjourned  soon  after  11  p.  m. 

Electrical  Section  January  10,  1908. 

The  regular  (and  annual)  meeting  of  the  Electrical  Section  (No.  622  of 
the  Society  and  No.  29  of  the  Section),  was  held  Friday  evening,  January  10, 
1908.  The  meeting  was  called  to  order  about  8:15  p.  m.,  with  Vice  Chairman, 
D.  W.  Roper  presiding,  and  about  45  members  and  guests  present. 

The  minutes  of  the  meeting  held  December  13,  1907,  were  read  and 
approved. 

The  Chairman  explained  that  this  was  the  meeting  for  the  election  of 
Chairman,  Vice  Chairman  and  one  member  to  serve  three  years,  to  serve  on 
the  Executive  Committee;  also  that  a  nominating  committee  had  selected  a 
ticket  which  had  been  posted  in  the  Society  rooms,  and  it  was  in  order  to 
be  voted  on. 

Mr.  Cravath  was  invited  to  assume  the  Chair,  and  the  Secretary  presented 
the  ticket,  which  was  as  follows  : 

For  Chairman,  to  serve  one  year,  Mr.  D.  W.  Roper. 

For  Vice  Chairman,  to  serve  one  year,  Mr.  H.  R.  King. 

For  Member  of  Executive  Committee,  to  serve  three  years,  Mr.  E.  N.  Lake. 

No  other  nominations  were  offered,  and  on  motion  of  Mr.  E.  F.  Smith 
the  work  of  the  committee  and  the  nominations  presented  were  approved, 
whereupon  the  persons  mentioned  were  declared  elected. 

Mr.  Roper,  as  Chairman-elect,  then  took  the  Chair  and  announced  the 
paper  for  the  evening  to  be — Electric  Elevators  for  High  Buildings — by  Air. 
John  D.  Ihlder,  of  New  York.  As  the  author  of  the  paper,  on  account  of  ill- 
ness, was  not  able  to  be  present,  his  paper  was  read  by  Mr.  H.  Russell  Smith, 
of  the  Otis  Elevator  Co.,  Chicago  Office,  and  was  illustrated  by  a  number  of 
lantern  slides. 

In  the  discussion  which  followed  the  presentation  of  the  paper,  Mr.  J.  W. 
Mnbbs,  of  Chicago,  described,  with  many  lantern  slide  illustrations,  the  special 
features  of  the  Mabbs  electric  elevator  which  had  been  installed  in  the  Board 
of  Trade  building.  Chicago.  The  paper  was  also  discussed  bv  Messrs.  D.  W. 
Roper.  E.  F.  Smith,  S.  M.  Bushnell.  Geo.  M.  Mayer,  A.  Scheible,  John  Blake, 
R  F.  Schuchardt,  P.  Junkersfeld,  F.  G.  Cox,  T.  W.  Heermann,  and  H.  Russell 
Smith. 

On  motion  of  Mr.  Junkersfeld,  a  vote  of  thanks  was  tendered  to  Mr.  Ihlder 
for  his  paper,  and  also  to  Mr.  Smith  for  his  presentation  of  it. 

The  meeting  adjourned  at  about  10:15  p.  m. 
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Extra  Meeting,  January  22,  1908. 

An  extra  meeting  of  the  Society,  No.  623,  was  held  Wednesday,  January 
22nd.  The  meeting  was  called  to  order  at  8:15  p.  m.  by  President  Loweth, 
and  with  about  50  members  and  guests  present.  The  object  of  the  meeting 
was  further  discussion  of  the  paper  by  Past  President  H.  E.  Horton,  on 
"The  Wrought  Compressive  Member  for  Bridge  Trusses,"  presented  Octo- 
ber 2,  1907.  Mr.  W.  C.  Armstrong  presented  some  written  discussion  of  the 
subject,  and  the  Secretary  read  a  contribution  to  the  discussion  sent  in  by 
Mr.  F.  H.  Bainbridge.  Other  remarks  followed  from  Messrs.  Andrews  Allen, 
A.  Reichmann,  H.  E.  Horton  and  President  Loweth.  A  letter  was  read  from 
Mr.  Bainbridge,  suggesting  that  the  Society,  through  a  suitable  committee, 
collect,  collate  and  edit  all  possible  reports  of  tests  of  full  size  compression 
members,  as  made  and  reported  by  the  American,  English,  German  and 
French  engineers,  such  report  to  be  published  in  our  Journal,  with  the  paper 
by  Mr.  Horton,  and  the  discussion  of  the  same.  Mr.  Horton  offered  a  reso- 
lution to  the  effect  that  such  a  committee  be  appointed,  and  the  resolution  was 
duly  carried. 

The  meeting  adjourned  about  10  p.  m. 

Regular  Meeting,  February  5,  1908. 

A  regular  meeting  (No.  624)  was  held  in  the  Society  Rooms  Wednesday, 
February  5,  1908. 

The  meeting  was  called  to  order  about  8 :20  p.  m.  with  Vice  President 
Junkersfeld  in  the  Chair  and  about  50  members  and  guests  present. 

The  Minutes  of  the  Annual  Meeting  held  January  7th,  and  an  extra  meet- 
ing held  January  22nd,  were  read  and  approved.  The  Secretary  also  read  an 
invitation  extended  to  the  members  of  the  Society  to  attend  the  Third  Annual 
Meeting  of  the  American  Society  of  Inspectors  of  Plumbing  and  Sanitary 
Engineers  to  be  held  at  the  Great  Northern  Hotel,  Chicago,  February  10th, 
nth  and  12th,  1908.  The  letter  of  invitation  was  signed  by  John  K.  Allen, 
Chas.  B.  Ball  and  E.  H.  Donahoe,  Committee  on  Program  and  Entertainment. 

There  being  no  further  business,  the  Chairman  introduced  Prof.  H.  B. 
MacFarland,  who  presented  his  paper  "Test,  of  a  Small  Suction  Gas  Producer 
Plant."  This  paper  has  been  printed  and  sent  out  in  advance,  so  it  was  not 
read  in  full  but  abstracted  and  explained  by  the  author. 

Discussion  followed  from  Messrs.  P.  R.  Brooks,  J.  H.  Warder,  A.  R. 
Swoboda,  C.  J.  Atkinson,  C.  C.  Robbins,  G.  M.  Mayer,  W.  J.  Miskella,  A.  W. 
Moseley.  G.  Gansslen  and  the  author. 

The  meeting  adjourned  about  9:50  p.  m. 

Electrical  Section  February  14,  1908. 

A  regular  meeting  (No.  30)  of  the  Electrical  Section  (being  No.  625  of  the 
Society)  was  held  Fridav  evening,  February  14,  1908. 

The  meeting  was  called  to  order  about  8 125  p.  m.  with  D.  W.  Roper, 
Chairman  of  the  Section,  presiding,  and  about  40  members  and  guests  present. 

The  Minutes  of  the  preceding  meeting  held  January  10,  1908,  were  read  and 
approved. 

There  being  no  other  business  to  bring  before  the  Section,  Mr.  James  N. 
Hatch,  m.w.s.e.,  was  introduced,  who  read  his  paper  on  "The  Evolution  of 
Electric  Railway"  which  was  illustrated  by  a  number  of  lantern  slide  views. 
Discussion  followed  from  the  Chairman  and  Messrs.  L.  Nissley,  W.  E. 
Symons,  Geo.  M.  Mayer  and  the  author. 

The  meeting  adjourned  at  10:15  p.  m. 

Extra  Meeting,  February  19,  1908. 

An  extra  meeting  of  the  Society  (No.  626)  was  held  Wednesday  evening, 
February  19,  1908. 

The  meeting  was  called  to  order  about  8:15  p.  m.  with  Mr.  P.  Junkersfeld, 
2nd  Vice  President,  in  the  Chair,  and  about  40  members  and  guests  present. 

There  was  no  business  to  bring  before  the  Society,  so  the  speaker  for  the 
evening — Mr.  Wilson  E.  Symons,  m.w.s.e., — was  introduced  who  read  his 
paper,  "The  Passing  of  the  Steam  Locomotive."     The  paper  was  illustrated 
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with  manv  lantern  slide  views  of  various  types  of  locomotives  illustrative  of 
its  development  from  the  earliest  form  to  the  present  time.  The  relation  be- 
tween the  development  of  the  railways  of  the  country  and  the  increase  in 
population  was  shown.  Also  the  use  of  electric  locomotives  at  congested  ter- 
minals was  brought  out. 

Discussion  followed  from  Messrs.  Abbott,  Hatch  and  Junkersfeld,  with  a 
closure  by  the  author. 

The  meeting  adjourned  about  io  p.  m. 

J.  H.  Warder,  Secretary. 

Address  of  Retiring  President,  W.  L.  Abbott,  January  7,  1908. 

Upon  reading  the  address  of  Retiring  President,  Octave  Chanute,  I  learn 
that  the  origin  of  our  society  was  in  a  meeting  of  twelve  eminent  civil  engi- 
neers called  for  the  purpose  in  May,  1869.  At  first  the  name  of  the  organi- 
zation was  the  Civil  Engineers'  Club  of  the  Northwest,  but  in  1880  it  was 
changed  to  the  one  it  now  bears. 

The  membership  at  that  time,  after  twelve  years  of  existence,  was  only 
139,  but  in  1890  it  had  grown  to  265,  and  the  society  congratulated  itself  upon 
the  vigorous  growth  it  had  enjoyed.  During  the  next  ten  years  the  member- 
ship increased  to  502;  and  now,  after  a  lapse  of  eight  years  more,  we  count 
a  membership  of  an  even  1,000. 

Having  reviewed  the  past,  it  may  not  be  out  of  place  here  to  speculate  upon 
what  our  growth  will  be  in  the  future.  Past  President  Arnold  is  a  prophet 
of  reputation  and  honor  even  in  his  own  country,  but  not  having  him  on  my 
staff,  I  venture  to  do  some  prophesying  myself. 

During  the  last  three  decades  our  annual  growth  has  averaged  7%,  during 
the  past  two  decades  it  has  averaged  8%,  and  during  the  first  seven  years  of 
the  present  decade  it  has  averaged  9%.  In  view  of  this  steady  growth  at  an 
increasing  rate,  it  would  not  be  unconservative  to  say  that,  as  our  member- 
ship has  doubled  during  the  past  eight  years,  it  will  double  again  within  that 
length  of  time  in  the  future. 

As  far  back  as  1901  complaint  was  made  of  the  inadequacy  of  our  library 
and  meeting  rooms,  and  that  which  then  was  a  complaint  has  now  become  a 
pressing  demand  for  relief.  But  what  will  the  condition  be  eight  years  from 
now  if  relief  is  not  obtained  in  the  meantime? 

Our  financal  condition  also  has  shown  a  moderate  but  gratifying  improve- 
ment. Five  years  ago  our  invested  interest  bearing  surplus  amounted  to 
$5,000.00;  to-day  it  is  $12,000.00,  $2,000.00  of  which  represents  the  profit  of 
last  year's  business,  aside  from  the  donation  of  $1,000.00  made  by  Retiring 
President  Arnold. 

But  no  engineering  society  can  justify  its  existence  by  a  mere  accession  of 
members  and  money.  The  Western  Society  exists  because  the  engineers  of 
the  west  feel  the  need  of  such  a  medium  for  the  exchange  of  ideas  as  the 
Western  Society  and  its  journal  should  afford,  and  the  fact  that  western  engi- 
neers are  adding  their  names  to  our  roll  is  evidence  that  in  a  measure  the 
Western  Society  is  fulfilling:  its  mission. 

I  say  "in  a  measure"  because  the  benefits  to  be  derived  from  such  a  society 
are  limited  only  by  the  energy  and  wisdom  of  its  leaders  and  by  the  zeal  and 
enthusiasm  of  its  members. 

It  is  true  that  the  quantity  of  our  papers  has  increased  greatly  in  the  past 
few  years  and  that  the  publication  committee  is  able  to  tell  for  months  ahead 
where  their  papers  are  to  come  from,  instead  of  living  from  hand  to  mouth  as 
was  formerly  the  case. 

But  while  the  quantity  has  increased,  I  doubt  that  there  has  been  a  corre- 
sponding improvement  in  quality,  although  our  journal  is  one  of  which  we 
have  no  need  to  be  ashamed.  It  is  evident,  however,  that  occasionally  papers 
are  offered  and  accepted  which  are  carelessly  prepared  or  are  upon  relatively 
unimportant  subjects. 

In  the  olden  days,  when  they  knew  that  the  success  and  the  life  of  the 
society  depended  upon  their  own  efforts,  the  greatest  civil  engineers  of  the 
west  contributed  papers  and  regularly  attended  the  meetings.     Now,  however, 
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the  older  men,  probably  thinking  that  the  society  is  in  safe  hands  and  that  they 
have  done  their  duty,  are  seldom  heard  or  seen  at  our  meetings. 

Past  President  Chanute,  in  his  address  previously  referred  to,  spoke  of  the 
desirability  of  getting  more  electrical  and  mechanical  engineers  into  the 
society.  I  estimate  that  at  the  present  time  about  one-third  of  our  members 
are  in  these  two  branches  of  engineering  and  that  thev  are  contributing  nearly 
two-thirds  of  the  papers,  while  the  civil  engineers  are  contributing  but  one- 
third. 

It  is  certainly  up  to  Mr.  Loweth  to  put  the  gad  to  the  shirking  horse  and 
make  him  do  his  share  of  the  work. 

Referring  again  to  the  demand  for  better  and  larger  library  and  meeting 
room  : 

Several  years  ago  it  was  customary  to  have  a  committee  on  permanent 
quarters,  whose  duty  it  was  to  look  for  a  commodious  and  permanent  home  for 
the  society.  I  say  "look  for"  rather  than  find,  because  in  those  days  the  society 
had  neither  a  surplus  nor  a  surplus  revenue,  and  so  these  successive  commit- 
tees went  forth  like  the  knights  of  old  in  search  of  the  holv  grail,  without  the 
slightest  idea  where  such  a  place  could  be  bought  without  funds  and  supported 
without  revenue  and  eventually  these  committees  were  discontinued  and  the 
search  abandoned.  To-night,  however  I  am  happy  to  say  that  we  have  found 
the  grail.     It  was  lying  just  outside  of  our  door. 

Your  Board  of  Direction  has  unanimously  accepted  a  proposition  made  by 
the  agents  of  the  Monadnock  Building,  whereby  the  society  will  acquire  a  ten- 
year  lease  to  all  of  that  portion  of  the  seventeenth  floor  which  lies  to  the  north 
of  that  bank  of  elevators  in  front  of  the  secretary's  office  and  extending  as  far 
as  the  fire  wall  which  divides  the  old  building  from  the  new.  This  includes 
the  space  now  occupied  by  the  corridor  and  the  rooms  on  both  sides  of  it, — in 
all,  something  over  sixty  feet  square  and  nearly  double  the  area  of  our  present 
quarters. 

In  this  space  it  is  planned  to  provide  ample  room  for  our  growing  library, 
commodious,  light  and  cheerful  reading  rooms,  and  an  inside  meeting  room 
free  from  exterior  noise,  with  a  14-foot  ceiling,  which  will  comfortably  seat 
75%  more  than  can  be  accommodated  in  our  present  meeting  room. 

The  credit  for  obtaining  the  new  quarters  must  be  spread  over  three  ad- 
ministrations. During  Mr.  Arnold's  administration  the  dues  and  fees  were 
raised,  so  that  now  our  income  is  considerably  above  our  expenses,  and  in 
addition  thereto  Mr.  Arnold,  upon  retiring  from  office,  gave  to  the  society  his 
check  for  $1,000.00,  thereby  establishing  a  beautiful  custom,  to  which  it  is 
expected  all  retiring  presidents  shall  conform,  except  on  leap  years. 

This  donation  to  our  treasury  and  the  increased  revenue  from  dues  and 
entrance  fees  put  the  Board  of  Direction,  in  a  position  to  take  advantage  of  a 
fortuitous  lapsing  of  the  leases  to  the  space  desired  at  the  time  it  was  wanted, 
and  now  upon  Mr.  Loweth  and  his  associates  devolves  the  duty  of  deciding 
upon  definite  plans  and  carrying  out  the  work. 

Mr.  Arnold's  administration  furnished  the  money,  during  my  time  the 
space  was  secured,  and  Mr.  Loweth  will  do  the  work  and  pay  the  bills,  which 
it  is  estimated  will  be  in  the  neighborhood  of  $6,000.00. 

Our  operating  expenses,  which  have  been  in  the  neighborhood  of  $1,200.00 
a  month,  will  now  be  something  over  $1,300.00  a  month,  and  this  to  provide 
facilities  nearly  double  those  we  now  have. 

During  the  coming  summer  vacation  the  alterations  to  our  rooms  will  be 
made,  and  when  the  meetings  begin  again  in  September  it  will  be  in  our 
larger  quarters. 

This  steD,  we  all  must  admit,  will  be  the  beginning  of  a  new  epoch  in  our 
historv,  and  with  it  will  come  new  responsibilities  and  new  problems  for  the 
President.  Alone  he  can  accomplish  little,  but  with  tin-  loyal  support  of  all 
during  this  critical  period,  the  Western  Society  of  Engineers  will  be  placed  on 
a  higher  plane  and  in  a  sphere  of  greater  influence  than  ever  occupied  before. 

To  the  officials  of  the  society  who  have  colabored  with  me.  and  to  the  mem- 
bers who  have  at  all  times  rendered  such  loyal  support  I  return  my  sincere 
thanks,  and  I  bespeak  the  same  generous  support  for  my  successor. 
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Report  of  the  Judges  of  the  Election. 

January  8,  1908. 
To  the  Western  Society  of  Engineers,  Chicago. 

Gentlemen:  The  undersigned  Judges  of  Election,  having  canvassed  the 
ballots  cast  for  the  officers  of  this  Society  for  1908,  have  the  honor  to  report 
as  follows : 

Total  number  of  ballots  cast 413 

Number  of  ballots  rejected  as  irregular 13 

Number  rejected  as  not  qualified  to  vote,  on  account  of  non-payment  of. dues    4 

Total  number  of  ballots  counted 306 

Number  of  votes  cast  for  President : 

Andrews    Allen    189 

C.  F.  Loweth   199 

Number  of  votes  cast  for  First  Vice  President: 

J.  W.  Alvord 379 

Number  of  votes  cast  for  Second  Vice  President : 

P.  Junkersf eld  363 

Number  of  votes  cast  for  Third  Vice  President : 

D.  \V.  Mead    257 

P.  B.  Woodworth    106 

Number  of  votes  cast  for  Treasurer : 

Albert  Reichmann  373 

Number  of  votes  cast  for  Trustee  for  three  years : 

L.  E.  Ritter  378 

(Signed)     Thos.    R.    Cummins, 
H.  M.  Morse, 
Ernest  F.  Smith. 

Treasurer's  Report  for  the  Year  Ending  Dec.    31,  1907. 

January  2,  1908. 
To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago. 

Gentlemen  :  I  respectfully  submit  herewith,  a  statement  of  the  Treasurer's 
account  for  the  year  ending  Dec.  31,  1907.  as  follows: 

Cash  Statement. 
Jan.  1,  1907,  cash  in  bank  subject  to  check. $  1,018.10 

Receipts. 

Dues    $8,970.35 

Entrance  Fees  1,358.00 

Subscription  to  Journal   397-89 

Advertising    2,662.78 

Sales  Journal 93. 20 

Interest    750.65 

Journal  account    29.50 

Library  account   28.15 

House  expense  307.50 

Sta.  Postage  and  Exchange   23.63 

Chanute  Medal  Fud  Account  25.00 

General   Printing   235.08 

Furniture  and  Fixtures  30.00 

Investments '.  1.000.00 

Arnold  Fund  1,000.00       16,911.73 

$17,929.83 
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Expenditures. 

Journal  Account $4,579.48 

Library  Account   787.86 

House  Expense 2,800.29 

Sta.  Postage  and  Exchange 741.08 

General  Printing    1,073.65 

Services    1 ,640.00 

Furniture  and  Fixture  Acct 124.38 

Investment  Account 4,997.80 

Interest  Account    163.5*  • 

Advertising,   Commission    117.50    $17,085.54 

Dec.  31,  1907,  cash  in  bank  subject  to  check. .  .  844.29 

$17,929-83 

Summary. 

Statement  Jan.  1st,  1907. 

To  Credit  Western  Society  of  Engineers $  7,079.10 

Chanute  Medal  Fund  1,149.00 

$  8,228.10 

Investments    7,210.00 

Cash    1,018.10 

$  8,228.10 

Statement  Jan.  1st.  1908. 

To  Credit  Western  Society  of  Engineers $  9,878.09, 

Chanute  Medal  Fund   1,174.00 

*Arnold  Fund  1,000.00 

$12,052.09 

Investments    11 .207.80 

Cash   844.29 

$12,052.09 

♦Gift  of  B.  J.  Arnold. 

Respectfully,  yours, 

(Signed)     Albert  Reichmaxx, 

Treasurer. 

Secretary's  Report. 

Chicago,  January  7,  1908. 

To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago. 

Gentlemen  :     Of  the  affairs  of  the  Western  Society  of  Engineers  for  the 

year  1007,  I  have  the  honor  to  report  as  follows : 

Total  membership  in  the  Society  December  31,  1907 1,000 

Classified  as  follows : 

Honorary  members   1 

Active  members : 

Resident  445 

Non-resident    336 

781 

Associate  members : 

Resident  61 

Non-resident    9 

Junior  members : 

Resident    101 

Nqn-resident    47     14S 

1,000 

This  includes  some  members  who  have  been  elected  but  who  have  not  fully 
qualified,  and  also  sundrv  members  who  have  tendered  their  resignations,  to 
be  effective  January  1,  1908. 
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The  number  of  new  members  elected  in  1907.  not  counting  transfers,  was.  .136 

Deducting  losses  in  membership : 

Resignations   39 

Deaths   12 

Dropped J8      69 

Leaves  a  net  gain  in  membership  of 67 

Transfers  in  grade: 

Junior  to  Active 10 

Associate  to  Active  2 


Deaths  among  our  members  in  1907  : 

Archibald  R.  Eldridge.  Chicago,  January  17th. 

Harmon  Trueman.  Chicago,  March  22nd. 

A.  MacArthur.  Chicago,  June  1st. 

W.  D.  Hotchkiss,  Chicago,  June  3rd. 

Nelson  A.  Sager.  Chicago,  August  30th. 

James  A.  Lewis.  Brook! vn.  X.  Y..  September  1st. 

John  C.  Darst,  Chicago.  September  5th. 

Victor  Hommel.  Sandusky.  Ohio.  October  18th. 

Storm  Bull.  Madison.  Wis.,  November  17th. 

Irving  Parktr.  Chicago.  November  17th. 

Zimri  A.  Enos.  Springfield.  111.,  December  8th. 

William  S.  Love.  New  York  City,  December  nth. 


During  the  year    1907  there  were  30  called  meetings  of  the  Society  as 
folk 

1     Annual  meeting. 

9     Regular  meetings,  held  on  the  first  Wednesday  of  each  month  during 

the  year,  except  January,  July  and  August. 
10     Extra  meetings. 
8     Meetings  of  the  Electrical  Section. 
1     Smoker. 

1     Ladies'  night,  held  in  Kimball  Hall. 
Also,  there  was  an  excursion  to  the  University  of  Illinois,  at  Urbana. 
A  list  of  the  meetings  follows : 
Tuesday.  January  8th: 

The  37th  Annual  Meeting  (No.  593  of  the  Society)  held  in  the  evening  in 
the  rooms  of  the  Mid-day  Club  in  the  First  National  Bank  Building.   Ad- 
dress of  retiring  President  Mr.  B.  J.  Arnold  and  acceptance  of  the  Presi- 
dency by  Mr.  W.  L.  Abbott. 
Friday,  January  nth: 

The  Regular  and  Annual  Meeting  of  the  Electrical  Section,  No.  21   (No. 
504  of  the  Society).     Mr.  Ernest  F.  Smith,  m.w.s.e.,  presented  his  paper 
The  Development  and  Operation  of  a  Large  Electric  Transmission 
and  Conversion  System." 
Wednesday,  January  23rd: 

Extra  Meeting  (No.  595).    Mr.  H.  M.  .Vorth,  of  Cleveland,  Ohio,  presented 
his  paper  on  "The  Theory  of  Desigr.  of  Railway  Freight  Terminals." 
Wednesday,  February  6th: 

ir.r  Meeting   (No.  596).     Dr.  Ff.  Foster  Bain,  m.w.s.e..  presented  his 
paper  on  "A  Review  of  the  Work  of  the  State  Geological  Survey."  » 
Frida; .  February  15th: 

Regular  Meeting  of  the  Electrical  Section  No.  22  (No.  597  of  the  Society). 
Mr.  H.  M.  Biebel  addressed  the  meeting  on  "Direct  Current  Compensa- 
Balancing  Electric  Circuits." 
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Wednesday,  February  30th: 

Extra   Meeting   ( Xo.  598).     Mr.  R.  S.  Kellogg  of  U.  S.  Forest  Service, 

addressed  the  Society  on  "Some  Problems  in  Wood  Utilization  in  the 

United  States." 
Wednesday,  March  6th: 

N  Regular  Meeting  (No.  599).  Mr.  L.  J.  Hotchkiss,  m.w.s.e.,  presented  his 
paper  on  "Some  Details  of  Reinforced  Concrete  Construction."  Also  Dr. 
W.  Michaelis,  Jr.,  m.w.s.e.,  presented  his  paper  on  "How  to  Prevent  Fail- 
ure in  Concrete  Construction." 

Friday,  March  15th: 

Regular  Meeting  of  the  Electrical  Section  No.  23  (No.  600  of  the  Society ). 
Mr.  J.  M.  S.  Waring  of  the  Electric  Storage  Battery  Co.,  read  his  paper 
on   "The  Application   of  the   Storage   Battery   for   Lighting,   Power  and 
Railway  Service." 
Wednesday.  March  20th: 

Extra  Meeting   (No.  601).    Prof.  L.  P.  Breckenridge,  m.w.s.e.,  addressed 
the  Society  on  "A  Review  of  the  U.   S.  Geological   Survey   Fuel  Tests 
Under  Steam  Boilers." 
Wednesday.  April  3rd: 

Regular   Meeting    (Xo.   602).    Mr.   R.    M.   Hosea,    m.w.s.e.,  presented   his 
paper  (through  the  Secretary)  on  "A  Colorado  Mountain  Reservoir." 
Friday.  April  12th: 

Regular  Meeting  of  the  Electrical  Section  No.  24  (Xo.  603  of  the  Society) 
Mr.  Thomas  Lambert  of  Chicago  Telephone  Co.  addressed  the  meeting, 
on  "Power  Wrork  as  Related  to  Telephone  Communication." 
Wednesday.  April  ijth: 

No  meeting,  but  Saturday,  April  20,  "A  Smoker"  was  held  in  the  rooms 
of  the  Citv  Club. 

Wednesday.  May  1st: 

Regular  Meeting  (  Xo.  604).  Mr.  R.  H.  Fernald  of  St.  Louis,  presented  his 
paper  on  "The  Present  Status  of  the  Producer-Gas  Power-Plant  in  the 
United  States." 

Wednesday,  May  15th: 

Extra  Meeting  (No.  605").  Prof.  D.  C  Jackson,  m.w.s.e..  (through  his 
brother  W.  B.  Jackson,  m.w.s.e.),  presented  his  paper  on  "Methods  of 
Electric  Lighting  for  Railway  Trains." 

Wednesday,  May  20th: 

Extra  Meeting  ( Xo.  606).  Mr.  J.  W.  Schaub,  m.w.s.e.,  read  his  paper  on 
"The  Railway  Track  of  the  Past  and  its  Possible  Development  in  the 
Future." 

Wednesday.  June  5th: 

Regular  Meeting  (Xo.  607).  Mr.  Charles  B.  Burdick,  m.w.s.e..  presented 
his  paper  on  "Methods  of  Pumping  Deep  Ground  Waters." 

Wednesday,  June  26th: 

Extra  Meeting  (No.  608).  Mr.  Isham  Randolph,  m.w.s.e.,  addressed  the 
meeting  on  "The  Work  of  the  Sanitary  District  of  Chicago  Already  Ac- 
complished and  yet  Contemplated,  South  of  the  Controlling  Works  at 
Lockport." 

Wednesday,  September  4th: 

Regular  Meeting  (  Xo.  609).  Prof.  D.  W.  Mead.  M.W.S.E.,  presented  his 
paper  on  "Hydraulic  Engineering  at  the  University  of  Wisconsin." 

Wednesday,  September  iStli: 

Extra  Meeting  (No.  610).  Mr.  H.  Kreisinger,  m.w.s.e.,  presented  the  joint 
paper,  by  himself  and  Mr.  W.  T.  Ray,  jux. m.w.s.e.,  on  "The  Nature  of 
True  Boiler  Efficiency." 


^ 


* 


f 


138  Annual  Reports 

Wednesday,  October  2nd: 

Regular  Meeting  (No.  611).  -Mr.  Horace  E.  Horton,  m.w.s.e.,  addressed 
the  Society  on  "The  Design  of  Open  or  Latticed  Compression  Members; 
extension  of  detail  specifications,  for  structural  steel  work  to  open  com- 
pression  members;  the  relation  and  proportion  of  parts  forming  a  built 
channel  of  similar  construction;  also  the  lattice  for  same." 

Friday,  October  nth: 

Regular  Meeting  of  the  Electrical  Section  No.  25  (being  No.  612  of  the 
Society).  Mr.  W.  H.  Crumb  addressed  the  meeting  on  "The  Determi- 
nation of  Telephone  Rates  for  Large  Exchanges." 

Wednesday,  October  16th: 

Extra  Meeting  (No.  613).  Prof.  F.  E.  Turneaurc,  m.w.s.e.,  presented  his 
paper  on  "Experimental  Determination  of  Stresses  in  Web-plates  and 
Stiffeners  of  Plate  Girders." 

Friday,  October  25th: 

Extra  Meeting  of  the  Electrical  Suction  No.  26  (No.  614  of  the  Society). 
Prof.  Leon  Gerard  of  Belgium,  addressed  the  meeting  on  "The  Manu- 
facture and  Use  of  Ozone  for  the  Purification  of  Water." 

Wednesday,  November  6th: 

Regular  Meeting  (No.  615).  Mr.  A.  S.  Zinn,  m.w.s.e.,  addressed  the  meet- 
ing on  "The  Culebra  Cut  of  the-  Panama  Canal." 

Friday,  November  Sth: 

Regular  Meeting  of  the  Electrical  Section  No.  27  (No.  616  of  the  Society). 
Mr.  H.  V.  Allen  representing  Mr.  W.  D.  A.  Ryan  of  the  General  Electric 
Co..  Lynn.  Mass..  addressed  the  meeting  on  "Color  Value  of  Artificial 
Lights." 

Saturday.  November  16th: 

Ladies'   Night.     Mr.  J.  W.  Alvord,  m.w.s.e.,  gave  an  informal   talk,  illus- 
— •       trated   with   lantern   slide  views,  on   "Camera   Engineering  Notes   from 
Mexico."    This  was  given  in  Kimball  Hall,  and  refreshments  were  served 
after  the  lecture. 
Wednesday.  November  20th: 

Extra  Meeting  (No.  617).     Mr.  Linn  White,  m.w.s.e.,  addressed  the  meet- 
ing on  "The  Construction  of  Small  Parks  in  Chicago." 
M'cdncsday,  December  4th: 

Regular  Meeting  (No.  618).     Mr.  George  B.  Springer,  m.w.s.e.,  addressed 
the  meeting  on  "Tunnels  Under  the  Chicago  River  for  Electric  Cables." 
Friday,  December  13th: 

Regular  Meeting  of  the  Electrical  Section  No.  28  (No.  619  of  the  Society). 
Mr.  I).  W.  Roper,  m.w.s.e.,  addressed  the  meeting  on  "A  Few  Unusual 
Burnouts  in  Underground  Cables." 
Wednesday,  December  18th: 

Extra  Meeting  (No.  620).  Mr.  A.  Bement,  m.w.s.e.,  presented  his  paper 
on  "Some  Results  Due  to  Improvement  in  Boiler  and  Furnace  Design." 

During  1906  amendments  to  the  By-Laws,  increasing  the  Fees  and  Dues, 
were  submitted  to  the  membership  and  approved,  as  shown  by  the  letter  ballot. 
This  increase,  which  began  in  the  past  year  of  1907,  has  not  seemed  to  have 
any  objectionable  effect  on  the  growth  or  interests  of  the  Society. 

During  1907  other  amendments  to  the  Constitution  and  By-Laws  were  sub- 
mitted to  the  membership  by  letter  ballot,  and  have  been  approved.  These  re- 
late to  the  age  limit  of  Juniors;  to  the  form  and  action  of  the  admission  to 
the  Society,  and  to  the  creation  and  composition  of  a  standing  committee  on 
amendments.  These  amendments  were  voted  on  at  the  end  of  1907  and  became 
effective  with  the  beginning  of  the  year  1908. 

Very  respectfully  submitted, 

J.  H.  Warder, 

Secretary. 
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Librarians  Report. 

Chicago,  January  7.   1908. 
To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago. 

Gentlemen:     The  Librarian  begs  to  submiit  the  following  report  on  the 
Library  of  the  Society  : 

Number  of  books  accessioned  up  to  December  31,  1907 0,583* 

Number  of  books  accessioned  up  to  December  31,  1906 6,103 

Additions  to  Library  during   1907 480 

These  may  be  classified  as  follows : 

Number  of  volumes  of  serials  bound  by  the  Society 163 

Number  of  volumes  of  bound  books, — gifts  and  exchanges 202 

Number  of  volumes  of  bound  books  hought  by  the  Society 99 

Number  of  pamphlets  accessioned 16 

480 

The  total  charge  against  the  Library  for  1907  is $787.86 

Deducting  sundry  returns  to  the  Library  Account 28.15 

Leaving  the  net  charsre  against  the  Library $7597! 

Classified  as  follows : 

Services    $33I-5° 

Books  purchased   224.47 

Binding  of  books 181.75 

Sundries    21.99 

$75971 

To  this  might  be  added  the  account  of 
Furniture  and  Fixtures  for  1907 1 1938 

Total $87909 

Very  respectfully  submitted, 

J.  H.  Warder, 

Librarian. 
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Gold  Dredging.     By  Capt.  C.  C.  Longridge.  Mining  and  Consulting  Engineer. 

Second  and  Revised  Edition.    1907.   London.    The  Mining  Journal.    Cloth, 

6l/>  by  9^2  inches.    339  pages ;  many  illustrations.    Price  20s  net. 

The  second  edition  of  this  valuable  work  on  gold  dredging  is  most  wel- 
come;  the  plan  of  issuing  annual  supplements  to  the  original  volume  of  1905, 
as  announced  in  last  year's  supplement,  has  evidentlv  been  abandoned.  Un- 
doubtedly in  a  work  of  this  kind  it  is  better  that  there  should  be  a  complete 
revision,  as  in  this  present  volume,  even  if  issued  less  often. 

The  author  has  rearranged  his  divisions  of  the  subject,  each  presented  in 
a  separate  chapter :  has  added  extensively  to  some  chapters  and  introduced 
new  ones,  as  well  as  many  illustrations  to  the  already  numerous  number  of 
the  first  edition.  As  to  the  many  photographic  pictures  of  dredges  at  work, 
these  are  of  great  interest  and  practical  value  in  showing  real  conditions. 

The  chapter  f>n  the  dipper  dredge  is  extended  to  include  a  recent  Alaskan 
experience,  which  appears  to  have  been  somewhat  successful  mechanically. 
but  at  a  high  yardage  cost  for  the  dredging. 

The  suction  dredge,  it  would  appear  from  the  examples  cited,  is  unsuited 
to  cemented  ground,  or  coarse  material.     It  is  verv  doubtful  in  the  revie? 
opinion  if  it  can  ever  become  really  competitive  with  other  gold  dredging  ma- 
chines.   The  conditions  required  for  successful  working  are  too  rarely  found. 

The  submerged  jet  dredge  is  introduced  in  a  new  chapter;  it  is  reported  as 
•'mentally  successful  in  N\w  Zealand. 
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As  in  the  first  edition,  the  largest  part  of  the  volume  is  devoted  to  the 
bucket  dredge,  which  is  the  successful  and  almost  universal  kind  used  for  gold 
dredging. 

Some  addition  is  made  to  the  previous  discussion  of  the  relative  merits  of 
the  New  Zealand  and  California  types ;  the  latter  have  much  larger  capacities 
and  are  of  a  heavier  construction.  There  is  also  some  difference  in  the  gold 
saving  apparatus,  and  in  the  method  of  handling  the  dredge.  The  author  does 
not  take  sides,  but  considers  that  each  may  be  best  suited  to  the  conditions  it 
has  to  meet.  The  former  types  he  states  "have  been  largely  supplanted  by  the 
modern  American  dredge,  which  embodies  many  features  of  New  Zealand 
practice." 

The  disposal  of  tailings  with  reference  to  preventing  damage  to  agricul- 
tural lands  further  down  stream,  has  been  more  fully  gone  into  and  California 
experience  cited. 

A  certain  scheme  tried  in  Xew  Zealand,  is  described  where  the  top  soil  is 
successfully  stripped  and  redeposited  on  top  of  the  gravel  tailings.  Where 
natural  conditions  admit,  this  seems  like  a  simple  and  highly  desirable  thing 
to  do. 

The  chapter  on  working  costs  has  been  extended;  figures  are  quoted  from 
American  practice,  as  well  as  New  Zealand.  • 

The  descriptions  of  likely  gold  dredging  ground  throughout  the  world 
have  been  greatly  extended ;  as  these  descriptions  are  gathered  from  all  kinds 
of  sources,  the  author  wisely  cautions  the  reader  "to  seek  competent  advice  be- 
fore operating  in  any  field."'  However,  it  would  appear  that  the  world  pos- 
sesses a  vast  amount  of  gold  bearing  gravel,  widely  distributed,  but  presum- 
ably comparatively  little  of  it  is  available  with  present  dredging  methods  and 
costs. 

It  will  be  noted  that  the  author  includes  in  his  book  descriptions  of  some 
mechanical  excavators  and  machines,  like  the  dry  placer  machine  and  the  bot- 
tomless scraper.  While  the  information  is  interesting,  it  does  not  seem  to 
have,  a  place  in  a  work  on  gold  dredging — which  in  the  ordinary  acceptance 
means  work  proceeding  from  floating  platforms.  To  cover  this  the  author  en- 
larges his  former  title,  but  on  the  other  hand,  there  are  many  other  forms  of 
mechanical  excavators  than  those  which  he  describes.  In  the  opinion  of  the 
reviewer  such  interjections  tend  to  diffuseness.  If  desirable  to  include  such 
information  in  a  book  like  this,  which  aims  to  be  a  standard  work  on  gold 
dredging,  it  would  seem  best  to  put  it  into  a  supplement. 

As  in  the  first  edition,  the  indexing  is  complete  and  excellent. 

As  a  whole  the  new  edition  is  very  satisfactory  and  will  be  valuable  to 
those  interested  in  gold  dredging.  G.  S.  R. 

Economics  of  Railway  Operation".     By  M.  L.  Byers,  Chief  Engineer,  Main- 
tenance of  Way,  Missouri  Pacific  Railway.    New  York.    The  Engineering 
News  Publishing  Co.    Cloth;  6  by  Q  inches;  about  700  pages;  many  figures, 
diagrams  and  forms  illustrating  the  best  recent  practice.     Price  $5.00  net. 
vork  which  has  just  been  published,  covers  the  railway  operating  field 
very  thoroughly,  giving  us  all  food  for  thought  in  this  age  when  railway  cor- 
porations are  so  distinctly  in  the  limelight.     The  author  divides  his  treatise  of 
700  pages  into  seven  parts. 

The  first  part,  the  organization  of  a  railway  system,  is  set  forth  and  by 
diagrams  is  shown  a  working  force  for  a  railroad  300  miles  in  length,  for 
1,200  miles  in  length,  and  also  one  for  6,000  miles  in  length;  and  a  diagram 
showing  the  organization  of  the  Pennsylvania  Railroad  System,  considered  a 
standard  throughout  the  world — (  some  additions  have  been  made  to  this  latter 
nization  since  this  compilation).  The  author  draws  from  the  Depart- 
mental and  Divisional  systems  of  railroad  organization  to  form  his  ideal  sys- 
tem." The  Divisional  system  we  think  oreferable  in  some  cases  where  the  mile- 
is  large  and  covers  a  much  elongated  territory,  such  as  the  Harriman 
system.  There  is  given  in  detail  the  by-laws  and  organization  for  conducting 
the  affairs  of  a  railroad  corporation.    The  duties  of  each  official  and  employee 
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are  stated  and  to  whom  each  reports;  also  general  rules  and  regulations  are 
given  in  detail. 

Part  two.  takes  up  the  subject  of  employment,  education  and  discipline  of 
forces,  and  dwells  on  the  requirements  for  obtaining  service  with  the  com- 
pany ;  the  merit  and  demerit  system ;  insurance  and  pension  departments,  and 
the  plan  of  employees  becoming  stockholders  in  the  company  on  the  install- 
ment plan,  such  as  carried  out  by  the  Illinois  Central  R.  R.,  Great  Northern 
Ry.,  and  the  U.  S.  Steel  Corporation. 

Part  three,  deals  with  the  accounting  department,  giving  in  detail  the  sys- 
tem to  be  employed  in  taking  care  of  the  receipts  and  expenditures  of  a  com- 
pany, freight  and  passenger ;  and  revenues  from  other  sources,  such  as  from 
investments  and  real  estate.  The  accounts  are  named  and  numbered  and  the 
manner  in  which  these  are  carried  on  the  books  of  the  company  are  given  in 
detail  for  the  several  departments. 

Part  four,  gives  a  list  of  standard  forms  to  be  used  for  the  necessary  re- 
ports that  pass  between  the  employees  and  officials  in  conducting  the  routine 
business  of  the  company :  M.  W.  reports,  freight  and  passenger  reports,  etc. 
These  reports  simplify  the  methods  and  cut  down  the  letter  correspondence 
to  an  economical  basis,  and  systematize  the  office  and  field  work.  Many 
samples  of  reports  are  given. 

Part  five,  deals  with  economic  operation  of  the  several  departments  of  the 
Railway :  the  Maintenance  of  Way.  Machinery,  Transportation,  Freight,  Pass- 
enger, Purchasing.  Law  and  Treasury.  The  operations  of  each  of  these  de- 
partments are  studied,  argued  and  discussed  in  great  detail  and  with  intelli- 
gence, suitable  examples  being  cited  whereon  to  base  an  economic  decision 
or  result.  Reports  from  well  known  railroads  are  given  and  analyzed.  The 
facts  deduced  therefrom  can  be  applied  with  necessarv  minor  changes  to  any 
railroad  system,  and  rules,  regulations  and  forms  applied  thereto  for  its  eco- 
nomic operation. 

Part  six.  contains  anaylses  of  operations  and  expenses,  and  gives  samples 
of  balance  sheets  of  operating  expenses,  statements  of  ton-miles,  of  freight 
hauled  and  tables  showing  delays  to  trains  and  their  causes  and  remedies. 

Part  seven,  treats  of  betterments,  roadway  improvement,  grade  reduction, 
shortening  of  line,  and  improvements  to  terminals,  increase  of  locomotive  ca- 
pacity, etc.,  in  order  to  obtain  more  economic  results ;  that  is,  greater  net 
earnings  which  is  what  the  stockholders  wish.  Throughout  this  entire  work, 
facts  can  be  gleaned  which  will  enable  all  ooerating  officials  to  consider 
whether  their  systems  are  being  conducted  on  the  most  economic  basis  in  all 
departments.  As  Wellington  has  given  us  his  well  known  book  on  "Economics 
of  Railwav  Location"  (which  we  all  have  pondered  over  more  or  less,  and 
which  to  this  day  is  a  standard  for  teachers  and  practitioners),  Byers  now 
comes  forward  with  this  complete  work  on  "Economics  of  Railway  Opera- 
tion," which  should  surely  commend  itself  to  all  who  follow  the  railroad  busi- 
ness, and  to  those  who  are  teaching  and  studving  railroad  engineering. 

J.  C.  G. 

Specifications  and  Contracts.  By  Dr.  J.  A.  L.  Waddell  and  John  Cassan 
Wait.  Xew  York.  Engineering  Xews  Pub.  Co.  Cloth ;  6  by  9  inches ; 
pp.  169.     Price  $1.00. 

The  authors  of  this  little  work  need  no  introduction  to  the  general  engineer 
yet  it  will  do  no  harm  to  say  that  Dr.  Waddell  is  an  engineer  who  has  a  great 
reputation  as  a  consulting  civil  engineer,  making  a  specialty  of  bridge  work 
and  who  for  a  long  time  held  an  important  teaching  position  in  Japan.  Upon 
his  arrival  in  the  L'nited  States  he  proved  himself  a  controversialist  of  high 
order  and  his  influence  has  been  strongly  felt  in  contemporary  bridge  design. 
No  matter  what  differing  opinion?  exisl  and  may  be  expressed,  he  is  one 
of  America's  great  engineers.  Mr.  Wait  was  educated  as  an  engineer  and  had 
considerable  experience  both  as  a  nractitioner  and  as  a  teacher.  While  teach- 
ing engineering  in  Harvard  he  became  interested  in  the  legal  side  of  the  pro- 
fession and  took  a  law  course.     He  is  now  a  lawyer  in  New  York  holding  a 
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high  position  in  the  city  government. '  A  few  years  ago  he  gave  to  the  world 
two  large  volumes  dealing  with  the  law  of  engineering  and  architectural  oper- 
ations. These  books  are  now  standard  treatises  on  the  subjects  discussed. 
That  this  lawyer,  a  member  of  the  Am.  Soc.  C.  E.,  should  join  with  an  em- 
inent civil  engineer  in  the  production  of  a  book  on  specifications  and  contracts 
is  a  guarantee  that  the  book  should  be  worth  the  price  charged. 

The  low  price  is  explained  bv  the  authors  who  say  that  the  book  is  in- 
tended primarily  for  students  in  engineering  schools  and  should  be  an  induce- 
ment for  all  to  buy.  The  book  consists  of  a  course  of  lectures  delivered  by 
Dr.  Waddell  to  the  students  of  Rennsalaer  Polytechnic  Institute,  Troy,  N.  Y., 
and  other  schools.  There  were  two  lectures  in  the  course,  one  on  contracts 
and  the  other  on  specifications.  To  these  have  been  added  notes  making  it 
better  suited  for  text  book  use  in  which  the  students  are  exercised  in  con- 
tract writing.  The  final  chapter  is  by  Mr.  Wait  and  deals  with  the  legal  prin- 
ciples involved.  This  constitutes  a  brief  and  valuable  treatise  on  contract 
law. 

The  reviewer  considers  this  an  extremely  good  work  for  engineering  stu- 
dents. However,  it  will  require  an  interested  teacher  to  use  it  in  class  work, 
for  it  might  be  vastly  improved  in  arrangement  for  text  book  purposes.  It 
is  written  in  a  most  pleasing  style  so  it  will  be  appreciated  by  experienced 
engineers  and  contractors.  Subheadings  are  arranged  in  prominent  type  on 
the  page  margins  so  anv  desired  point  may  be  quickly  found.  The  chapter 
by  Mr.  Wait  is  decidedly  the  best  part  of  the  book  from  the  standpoint  of  the 
man  who  has  had  considerable  experience  with  legal  quibbles  over  contracts. 
The  book  is  well  worth  buying  and  does  far  towards  filling  a  gap  in  engineer- 
ing literature.  E.  McC. 

The  Metric  and  British  Systems  of  Weights,  Measures  and  Coinage.    By 

F.  Mollwo  Perkin,  Ph.D.,  Head  of  Chemistry  Dept,  Borough  Polytechnic 

Institute,   London.     The   Macmillan  Co.,  New  York.     Cloth;  8^2  by  5^ 

inches;  pp.  83;  17  diagrams.     Price  50  cents. 

Professor  Perkin  of  the  Borough  Polytechnic  Institute  of  London,  has  writ- 
ten a  little  book  to  enable  students  to  obtain  a  mastery  of  the  metric  system 
of  notation.  In  the  introduction  he  advances  the  usual  arguments  in  favor  of 
the  system,  these  being  principally  its  simplicity  and  saving  of  time,  as  well 
as  the  hope  of  increased  trade  with  other  nations  who  have  adopted  the  metric 
system,  while  he  only  refutes  cursorily  the  arguments  which  have  been  brought 
against  it,  such  as  the  great  expense  to  manufacturers  to  change  their  stand- 
ards and  tools,  and  the  confusion  which  is  likely  to  result  in  many  trades. 
I  te  then  devotes  a  separate  brief  chapter  to  measurements  of  length,  of  areas, 
of  weights,  of  volume,  of  specific  gravities,  of  measurements  of  temperatures, 
and  finally  of  money,  with  tables,  diagrams  and  examples.  An  appendix  sup- 
plies further  information. 

The  book  is  well  written  and  will  be  useful  to  students,  as  well  as  to  those 
who  promote  legislation  to  make  compulsory  either  the  use  of  the  metric 
system  or  of  its  teaching  in  every  school  in  the  land.  O.  C. 

How  to  Read  Plans.    By  Charles  G.  Peker,  Editor  "Woodworkers'  Review." 

New  York.    Industrial  Publication  Co.     Cloth;  7^  by  5  inches;  46  pages; 

43  drawings  in  text,  8  large  folding  plates.    Price  50  cents. 

Each  subject  is  taken  up,  explained  and  illustrated  separately;  then  a  full 
and  complete  set  of  architect's  plans  for  a  frame  house  is  taken  up  and  ex- 
plained so  the  reader  will  be  sure  to  understand  how  to  read  plans. 

The  useful  suggestions,  hints,  etc.,  in  this  book  will  make  it  of  value  to 
even  those  who  understand  how  to  draw,  as  well  as  those  who  do  not. 

Sweet's  Indexed  Catalogue  of  Building  Construction,  for  the  years  1907- 
1008.    Architectural  Record  Co.,  11-15  E.  24th  St.,  New  York.    Cloth.  13% 
by  10  inches;  in  two  volumes;  pp.  1,402;  illustrated. 
The  publishers  of  this  work  have  undertaken  to  group  together  the  various 

trade  catalogues  of  building  materials  and  building  material  firms,  and  expect 
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to  issue  a  revised  edition  every  year.  There  is  included  a  very  complete  cross- 
index  covering  145  pages  and  comprising  over  16,000  separate  entries,  which 
will  be  of  value  to  those  looking  for  information. 

"Where  Water  and  Fuel  are  Scarce  or  Dear"  is  the  title  of  an  interesting 
circular  treating  of  the  heating  and  purifying  of  boiler  feed  water  in  mining 
and  smelting  plants.  The  pamphlet  is  published  bv  the  Harrison  Safety  Boiler 
Works.  3188  N.  17th  St.,  Philadelphia.  Pa.,  and  shows  that  by  means  of  a 
Cochrane  Heater,  about  6^2  lbs.  of  water  may  be  heated  from  60  to  210  deg. 
F.  by  1  lb.  of  exhaust  steam,  and  further  that  the  1  lb.  of  steam  will  be  con- 
densed and  added  to  the  boiler  feed  as  pure  distilled  water,  thereby  saving 
16  per  cent  of  the  coal  bill  as  well  as  a  nearly  equal  proportion  of  raw  water. 
Also,  heating  the  water  throws  out  of  solution  the  bi-carbonates  of  lime  and 
magnesia,  which,  along  with  mud,  sand  and  other  impurities,  are  precipitated 
in  the  heater  instead  of  being  carried  over  into  the  boiler.  It  is  pointed  out 
that  as  the  heater  does  part  of  the  work  of  the  boilers,  six  boilers  and  a 
Cochrane  heater  can  make  more  steam,  while  requiring  less  fue!,  less  labor 
and  less  water,  than  seven  boilers  without  the  heater. 

This  pamphlet  will  be  of  interest  to  all  who  own  or  operate  boiler  plants. 
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The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  library.  Back  numbers  of  periodicals  are  desirable  for  ex- 
change and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  December,  1907,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named: 

MISCELLAXE.    : 

Worcester  Polytechnic   Institute,  Worcester,   Mass.     Register   for    1907-1908. 

Pam. 
New  Jersey  Sanitary  Association.    Proc.  33rd.  Annual  Meeting.  Atlantic  City, 

X.  J.     October,  1907.     Pam. 
Universal    Portland   Cement    Co.,   Frick   Bldg.,    Pittsburg.      "4th    Exhibition, 

Pittsburg  Architectural  Club.  November.  1907.''    Cloth. 
Strobel.  C.  L.,  m.w.s.e.,  Chicago.     Catalogue  Xo.  '45,   Newton  Machine  Tool 

Works,  Phila.     1907.     Cloth. 
Engineering  Xews   Pub.  Co.,  Xew  York.     ''Specifications  and  Contracts."  bv 

Waddell  and  Wait.  1008.    Cloth. 
"Analvsis  of  Elastic  Arches  of  Steel.  Masonry  and  Reinforced 

Concrete."  by  J.  W.  Balet.     Cloth. 
E.  L.  Corthell,  m.w.s.e.,  Xew  York.   "Results  of  Investigation  into  the  Cost  of 

Ports  and  of  their  Operation."  bv  E.  L.  Corthell.     Pam. 
Crandall  Publishing  Co.,  Chicago.     "Railway  Shop  Up-to-Date,"  by  Railway 

Master  Mechanic.     Cloth. 
J.  H.  Warder,  Sec'y  W.  S.  E.,  Chicago.    "Libraries  of  Chicago."     Cloth. 
E.  E.  R.  Tratman.  m.w.s.e.,  Chicago. 

Proc.  Assc'n  of  Ry.  Supts.  of  Bridges  and  Buildings.   1906. 

Pam. 
The  Illinois  and  Mississippi  Canal,  bv  F.  W.  Honens.    Pam. 
U.  S.  Dept.  of  Agriculture,  Experiment  Sta.  Cir.  74.  Excavat- 
ing Machinerv  used  for  digging  ditches  and  building  levees. 

Wright. 
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U.  S.  Dept.  of  Agriculture,  Forestry  Division.    Timber  Phys- 
ics.    Part   I.   Preliminary  Report;  and   Part  II,   Progress 
Report.    Buls.  6  and  8.     Pams. 
U.  S.  Dept.  of  Agriculture,  Forest  Service.     "The  Use  of  the 

National  Forests  1907."    2  Vols.  Cloth. 

I".   S.  Geol.  Survey,  Dept.  of  Interior.     "The  Production  of 

Tin  in  Various  Parts  of  the  World."    C.  M.  Rolker.    P  am. 

American  Water  Works  Assc'n.  Proceedings  for  1906.   Cloth. 

Principles    of     Design     and     Calculations     for     Automobiles 

Driven  by  Gasoline  Engines,  by  Ed.  Heirman,  1907. 
Special    Consular    Report    XVII — Disposal    of    Sewage    and 

Garbage  in  Foreign  Countries.     Pam. 
Reports  on  Railway  Surveys,   1906-7.     Cape  of  Good  Hope. 

Pam. 
Assc'n  of  Transportation  and  Car  Accounting  Officers.     Pro- 
ceedings 8th  regular  meeting.     December,  1907.     Pam. 
Dust  on  Roads,  by  M.  Le  Gavrian,  1907.     Pam. 
Prevention   of   Dust   on   Roads ;   especially   on   the    Mediter- 
ranean Coast,  by  Dr.  Guglielminetti.     Pam. 
Bui.    15,   University  of  Illinois,   "How  to  Burn  Illinois   Coal 

Without  Smoke,"  by  L.   P.  Breckenridee.    1907.     Pam. 
Bui.  16,  University  of  Illinois,  "A  Study  of  Roof  Trusses," 

by  N.  Clifford  Ricker.     1907.     Pam. 
Water  Supplv  and  Irrigation  Paper  No.  216.     Geology  and 
Water  Resources  of  the  Republican  River  Valley,  Nebraska, 
by  G.  E.  Condra.     Pam. 
Bi-monthly    Bulletin,    American    Institute   of    Mining    Engi- 
ne; rs.  Januarv,  1908.     Pam. 
Amer.  Ry.  Engr'g  and  M.  of  W.  Assc'n,  Chicago.     "Manual 
of  Recommended  Practice  for  Ry.  Engr'g  and  Maintenance 
of  Way."  1905.    Cloth. 
Illinois  State  Geological  Survey.    Buls.  4,  5  and  6.    Cloth. 
Proc.  American  Water  Works  Assc'n,  June,  1907.     Cloth. 
Clinton   B.   Stewart,    M.WS..E.,   Madison,   Wis.     "Investigation   of   Centrifugal 

Pumps."     October,  1907.     Pam. 
University  of  Wasbington,  Olvmpia,  Wash.    Engineering  Contracts  and  Speci- 
fications, by  Chas.  Evan  Fowler,  1907.     Pam. 
Rose  Polytechnic  Institute,  Terre  Haute,  Ind.    Annual  Catalogue.  1907-8.  Pam. 
Board  of  Commissioners  0/  Cook  Countv.    First  Annual  Message  of  William 
Busse,  1907,  as  President  of  the  Board  of  Commissioners, 
December,  1907.     Pam. 
Norwich  University.  Northficld.  Vt.     Catalogue  1907-8.     Pam. 
McGraw  Publishing  Co..  New  York.    "Standard  Handbook  for  Electrical  En- 
gineers."    Compiled  by  McGraw  Pub.  Co.  1907.     Flex.  lea. 
Industrial   Publication  Co.,  New  York.    "How  to  Read  Plans."  by  Chas.  G. 

Peker,  1908.     Pam. 
Rudolph    Hering,   M.W.S.E.,   New   York.     Report  of  Commissioner   on   Street 
Cleaning  and   Water   Disposal   in  the  City  of   New   York, 
1907.     Pam. 
Clifford  Richardson,   114  Liberty   St..   New   York.     "A  Plea  for  the  Broader 
Education  of  the  Chemical  Engineer,"  January.  1908.    Pam. 
New  Hampshire  R.  R.  Commissioners.    63rd  Annual  Report.  1907.     Cloth. 
W    S.  Bates,  m.w.s.e.,  Giicago.    Vols.  4   (1904)   and  6   (1906).    The  Copper 
Handbook,  bv  H.  J.  Stevens.    Cloth. 
Manual  of  Statistics,  Stock  Exchange  Handbook,  New  York. 

19?^      Cloth. 
Official    Manual    of   Cripple   Creek    District,    Colo.    1900,    by 

Fred  Hills.     Cloth. 
List  and  Catalogue  of  Publications,  U.  S.  Coast  and  Geodetic 
Survey,  1816-1902.    Cloth. 
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The  Macmillan  Company.  New  York.     "Practical  Physics,"  1908. 

Vol.  I — Precise  Measurements,  in  Mechanics  and  Heat.  Cloth. 

Vol.  II — Measurements  in  Electricity  and  Magnetism.    Cloth. 

Vol.  Ill — Photometry.      Experiments    in    Light    and    Sound. 

Cloth. 

Hydrex  Felt  and  Engineering  Co.,  New  York.     '"Waterproof  Engineering," 

December,  1907.     Pam. 
John  J.   Leahy,   Supt  of  Sewers,   City  of  Boston.     Annual   Report  of  Sewer 

Dept..  City  of  Boston,  for  1906. 
Illinois  State   Penitentiarv  at  Joliet.     "Report  of   Commissioners   for   1906." 

Cloth. 
Mass.  Board  of  Railroad  Commissioners.     Report  of  Commissioners  for  1907. 

Cloth. 
Drexel  Institute  of  Art,  Science  and  Industry.     Philadelphia 

Year-Book  of  the  Departments  and  Courses  of  Instruction. 
1907-8.     Pam. 

EXCHANGES. 

U.  S.  Naval  Institute,  Annapolis,  Md.     Proc.  December.  1907.  No.  2   Pam. 

Massachusetts  Institute  of  Technology,   Boston.    Bulletin.    Officers,  Students, 
etc.,  December,  1907. 
President's  Report,  etc..  for  1907.     Pams. 

Illinois  Geological  Survey,  Urbana,  111.     Bulletin,  Nos.  5  and  6,  1907.     Cloth. 

Railway  Signal  Assc'n.  Bethlehem,  Pa.  Journals.  Vol.  X,  December,  1907, 
and  Vol.  XI,  February,  1908. 

University  of  Illinois,  Urbana.  111.  "How  to  Burn  Illinois  Coal  Without 
Smoke,"  Breckenridge.  August,  1907;  "A  Study  of  Roof 
Trusses."  N.  Clifford  Ricker.  August,  1907;  and  "The 
Weathering  of  Coal,"  S.  W.  Parr  and  N.  D.  Hamilton, 
August,  1907. 

American  Railway  Engineering  and  Maintenance  of  Way  Assc'n.  Bulletins 
93-4.  November  and  December,  1007.     Pams. 

John  Crerar  Library.  Chicago.    A  List  of  Books  Exhibited  December  30,  1907- 
Januarv  4.  1908.     Pam. 
Handbook  for  1907.    Pam. 

A.  P.  Low,  Director  Geological  Survey  of  Canada,  Ottawa.  "Moose  Mountain 
District  of  Southern  Alberta,"  Cairnes.     "Report  of  Section 
of  Chemistry  and  Mineralogy,"     Hoffman.     "Summary  Re- 
port, Dept.  or  Mines — Geol.  Survey  for  1907." 
"Report   on   the    Cascade   Coal   Basin,    Alberta,   with   Maps," 

D.  B.  Dowling. 
"Report  on  the  Geology  and  Natural  Resources  of  Area  In- 
cluded in  Northwest  Quarter-sheet  of  Ontario  and  Quebec 
Series." 
"The  Barvtes  Deposits  of  Lake   Ainslee   and  North   Cheti- 

camp,  N.  S." 
"Annual    Report   on  the   Mineral   Industries   of    Canada   for 
1905."     Pams. 

American  Institute  of  Mining  Engineers,  New  York.  List  of  Officers,  Mem- 
bers, etc.,  for  1908.     Pam. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers.  Subject 
Matter  Index  of  Mining,  Mechanical  and  Metallurgical 
Literature  for  1902.    Pam. 

American  Society  of  Civil  Engineers.  New  York.  Transactions,  Vol.  LIX,. 
December,  1907.     Pam. 

Institution  of  Mechanical  Engineers,  London.  Proceedings.  July,  1907  No.  3. 
Pam. 
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University  of  Wisconsin,  Madison.     Engineering  Series:    : 

No.  157.  A  Comparison  of  the  Effects  of  Frequency  on  the 
Light  of   Incandescent   and    Nernst  Lamps.     F.  W.  Huels. 

Xo.  173.  Investigation  of  Centrifugal  Pumps.  Clinton  B. 
Stewart. 

No.  175.  Tests  on  Plain  and  Reinforced  Concrete,  Series  of 
1906,  M.  O.  Withey.     Pams. 

GOVERNMENT. 

LT.  S.  Dept.  of  Agriculture,  Washington.     Report  of  Secy,  on  "The  Southern 

Appalachian  and  White  Mountain  Watersheds,  1908.'' 
U.  S.  Dept.  of  Agriculture.  Forest  Service.     Pams. 

Cir.  1  id.  1  he  Waning  Hardwood  Supply  and  the  Appalachian 
Forests.     Hall. 

Cir.  11S.  Management  of  Second  Growth  in  the  Southern 
Appalachians.    Zon. 

Cir.   122.  The  Lumher  Cut  of  the  United  States;  1906. 

Cir.   125.  Production  of  Tight  Cooperage  Stock  in  1906. 

Cir.  127.  Forest  Tables;  Western  Yellow  Pine.  E.  A.  Ziegler. 

Cir.  128.  Preservation  of  Piling  Against  Marine  Wood  Bor- 
ers. 

Cir.   130.  Forestry  in  the  Public  Schools,  Winkenwerder. 

Cir.  131.  Practical  Forestry  on  a  Spruce  Track  in  Maine. 
Cary. 

Cir.  132.  Seasoning  and  Preservative  Treatment  of  Hem- 
lock and  Tamarack  Cross-ties,  W.  F.  Sherfesee. 

Cir.  133.  Production   of   Veneer   in    1906. 

Cir.  134.  The  Estimation  of  Moisture  in  Creosoted  Wood, 
A.  L.  Dean. 

Cir.  136.  Seasoning  and  Preservative  Treatment  of  Arbor 
Yitae  Poles. 

Cir.  137.  Consumption  of  Poles  in  1906. 

Cir.   139.  A   Primer  of  Wood  Preservation,  Sherfesee. 

Cir.    140.  What  Forcstrv   has   done.   Treadway   Cleveland,  Jr. 
U.  3.  Geological  Survey,  Dept.  of  Interior. 

The   Production  of  Borax  in   1906.  C.  G.  Yale. 

The  Production  of  Magnesite   in   1906. 

The   Production  of  Copper   in    1906,   Graton. 

Tlie   Production  of  Zinc  in  190(1.  Boutwell. 

The  Production  of  Gold  and  silver  in  1906,  Lindgren.     Pain. 
U.  S.  Navy  Dept..  Bureau  of  Steam  Engineering.     Annual  Report,  Chief  of 

Bureau  of  Steam  Engineering,  1907.     Pam. 
Supt.  of  Documents.  Washington,  D.  C.     Laniogue  LT.  S.   Public  Documents, 
December.   11)07.     Pam. 


MEMBERSHIP. 

Additions  to  Membership:  Grade 

Armstrong.  W.  G,  820  W.  72nd  St..  Chicago Active 

Berghom.    Frederic   A..    1799    Humboldt   Blvd..   Chicago Associate 

Blaylock,  John   C.   1332   N.   Halsted   St.,   Chicago../. Active 

Bushnell,  S.  Morgan,   139  Adams  St.,  Chicago Active 

Crumb,  William   1 1.,  835  Monadnock  Block,  Chicago Active 

1.1.  John  A.,  816  <  )ld  Colony  Bldg..  Chicago Active 

I  larrington,    Joseph,    Riverside,    Til Active 

Lunn.   Ernest,    130  Adams   St..   Chicago Active 

Main.    William    T..    1497    Perrv    St..    Chicago \ctive 

Marston.  W.   S..  288  Jewett  Ave..   West    New  Brighton!   S.   T.   N.    V.. 

transferred  from  Junior  I10 Active 
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Poppcnhusen,    Paul    A..    1X48    Commercial     Nat'l    Bank    Bldg.,    Chi- 
cago  Associate 

Rieth,   Wilhelm,   Mum   Engineering  Co.,  Chanute,  Kans Junior 

Slocumb,  Edward  C.  Beardstown,  [11.,  transferred  from  Junior  to. ..  .Active 
Sopcr,  Ellis  Clark.  Mum   Engineering  Co.,  So.  Pittsburg,  Tenn.,  trans- 
ferred   from    Junior   to Active 

Stewart,  John  T.,  Paxton,  111 Active 

Taylor.    Lawrence    11..   e/o   C.    &    X.    W.    Ry.    Co.,    215   Jackson   Blvd., 

Chicago    Associate 

Wilson.    Fred    N.,   Olive    Hill.   Ky Junior 


Deceased  Members: 

Mr.  James  Dun,  Chicago,  February  23,   1908. 

Mr.  Z.  A.   Enos,  Springfield,  111.,  December  8,   1907. 


Corrected  Addresses: 

Bainbridge,  F.  H.,  Care  of  C.  &  N.  W.  Ry.  Co.,  Clinton,  Iowa. 

Baldwin,  C.   Kemble,   1240  Old  Colony  Bldg.,  Chicago. 

Bates.   \V.   S.,  351   S.   Euclid  Ave..   Pasadena,   Cal. 

Beye.  John  C,  Care  of  Ch.  Engr.,  Rock  Island  Lines,  LaSalle  St.  Sta.,  Chicago. 

Burridge,  A.  L.,  Supt.  Spring  Valley  Iron  Co.,  Iron  River,  Mich. 

Byrne,  Thos.,  9503  Commercial  Ave..  South  Chicago,  111 

Cox,  J.   B.,   1 741    Railway   Exchange,   Chicago. 

Crocker,  H.  S.,  Cons.  Engr  ,  434   Empire  Bldg.,  Denver,   Colo. 

Draper,  R.  S.,  71 16  Yale  Ave.,  Chicago. 

Dull,  R.  W..  4O4  Garfield  Ave.,  Aurora,  111. 

Eriksen,  E.  T..  Hermiston,  Oregon. 

Giles,  J.   A.,  City  Engineer,   Municipal  Bldg.,   Binghamton,   X.   Y. 

Gillam,  \Y.  R.,  22  Beale  St..  Memphis,  Tenn. 

Girand,  J.  B.,  ^34  I.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 

Hadwen,  T.  L.  D„  B.  &  B.  Dept.,  C,  M.  &  St.   P.  Ry.,  1359  Railway  Exch., 

Chicago. 
Hall,  J.  R.,  Care  of  Hall  Machine  Co.,  54  Desplaines  St.,  Chicago. 
Hansen.  O.  S.,  1183   Millard  Ave..  Chicago. 
Harper.  Fred  C,  31   X.  Seventh  St.,  Terre  Haute,  Ind. 
Hazard,  W.  A.,  948  Commercial  Xat'l  Bank  Bldg.,  Chicago. 
Hill.  George  S.,  1306  Call  Bldg.,  San  Francisco,  Cal. 
Hojgaard,  K.,  Managing  Engr.,  The  Strauss   Bascule  >x  Concrete   Bridge  Co. 

Fort  Dearborn  Bldg..  Chicago. 
Johnston,  J.  P.,  930  Marnuette  Bldg.,  Chicago. 
Keerl.  H.  D.,  Parker  Bldg.,  Mason  City,  Iowa. 
Mason,   L.  B.,   1911    Willow  Ave.,   Minneapolis,   Minn: 
Mayer,  George  M.,  1085  Old  Colonv  Bldg.,  Chicago. 
Mills,  James  L..  ~2j  Wood  St..  Lafayette,  Ind. 
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LOCATION,  ARRANGEMENT  AND  CONSTRUCTION  OF 
MANUFACTURING  PLANTS 

By  George  M.  Brill,  m.w.s.e. 

Presented  March  4,  igo8. 

The  subject  of  manufacturing  plants  is  so  broad,  complex  and 
diversified  that  it  must  not  be  assumed  that  all  which  might  be  said 
about  the  possible  combinations  of  requirements  and  manner  of  ful- 
filling them  will  b^  covered  in  a  paper  of  this  kind,  or  that  the  ap- 
plications to  any  specific  case  will  be  exhausted.  However,  an  en- 
deavor will  be  made  to  touch  upon  some  of  the  important  features 
which  control  in  all  that  pertains  to  a  large  variety  of  manufacturing 
plants.  In  taking  up  the  building  of  a  new  manufacturing  plant 
the  controlling  elements  and  the  questions  which  naturally  arise  are 
largely  included  under  the  headings  of  Location,  Arrangement  and 
Construction. 

There  are  many  conditions  which  influence  the  selection  of  a  site 
for  a  manufacturing  plant  and  while  the  object  of  this  paper  is  to 
consider  the  matter  from  an  engineering  and  construction  stand- 
point, a  word  might  be  said  in  passing  regarding  the  commercial 
considerations  which  frequently  have  a  bearing  upon  the  subject. 
An  endeavor  is  often  made  by  the  real  estate  man  to  influence  the 
manufacturer's  selection  in  order  to  advance  his  own  interests  or 
for  the  purpose  of  promoting  a  town  or  land  scheme,  with  little  re- 
gard for  the  actual  requirements  or  the  adaptability  of  the  location. 
size  or  facilities.  The  manufacturer  is  not  unnaturally  influenced 
and  perhaps  even  led  to  neglect  the  more  important  factors  by  the 
attractiveness  of  cheap  land  or  a  bonus  offered  by  interested  parties. 
The  success  of  the  business  depends  to  a  considerable  extent,  larger 
than  usually  appears,  upon  the  fitness  of  the  location  and  its  adapt- 
ability to  the  needs  of  the  business,  and  the  short  life  of  some  con- 
cerns has  been  due  to  the  unsuitability  of  the  location  and  size  of  the 
site  selected. 

For  the  purpose  of  this  paper  these  ulterior  factors  may  be  dis- 
regarded, especially  since  there  are  enough  legitimate  ones  which 
deserve  careful  consideration  in  order  that  the  present  and  future 
requirements  mav  be  met. 
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Fig.  2. — Corn   Degerminating   Plant,   Showing  Elevators,  Conveyors  and  Chutes 
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It  frequently  occurs  that  some  sacrifices  are  necessary  in  the  loca- 
tion, size  and  character  of  sites  in  order  to  properly  meet  such  fixed 
conditions  as  source  of  raw  material  and  fuel  or  the  necessity  for  an 
abundant  supply  of  water.  While  these  have  their  influence  and 
must  be  given  due  weight  in  connection  with  all  plants  in  which  they 
form  controlling  factors,  it  may  be  sufficient  to  simply  refer  to  them 
here. 

•  The  location  of  a  site  is  governed  largely  by  the  amount  of  land 
required,  its  shape  and  topography,  transportation  facilities,  the  sup- 
ply of  labor  and  to  some  extent  by  the  character  of  the  soil. 

The  amount  of  land  depends  upon  the  size  of  the  plant  to  be  built 
and  the  probabilities  of  future  growth.  By  size  of  plant  is  meant 
the  area  occupied  by  the  buildings,  the  necessary  or  desirable  space 
about  them  and  the  yard  room  required  for  the  storage  of  raw 
materials  and  finished  products. 

The  required  shape  of  a  site  is  controlled  by  the  character  of  the 
buildings,  their  logical  relative  location,  the  receiving  and  shipping 
requirements  and  whether  they  are  met  by  the  use  of  railroads,  teams 
or  both  and  especially  by  the  necessary  manner  of  getting  tracks 
to  and  about  the  property  to  conveniently  serve  the  several  needs. 

The  topography  of  the  land  may  become  an  important  factor  in 
determining  the  site  best  suited  for  a  specific  case,  especially  where 
the  character  of  the  materials  and  the  processes  employed  are  such 
that  gravity  methods  of  handling  can  be  advantageously  used.  Some 
processes  can  be  performed  to  the  best  advantage  on  one  level,  but 
in  many  cases  it  is  not  only  convenient  but  essential  to  have  several 
ground  floor  levels.  This  often  arises  from  the  character  of  the 
materials  treated,  methods  of  handling  them,  machinery  used  and  the 
necessity  for  heavy  foundations  reaching  well  into  the  ground.  Some- 
times the  operations  are  facilitated  by  having  railroad  tracks  extend 
into  the  buildings  at  two  or  more  levels. 

The  transportation  facilities  involve  not  only  the  local  receiving  and 
shipping  connections,  but  those  desirable  on  account  of  the  char- 
acter and  sources  of  raw  materials  and  the  centers  of  distribution 
and  consumption  for  the  finished  products.  The  need  of  direct 
water  transportation  for  manufacturing  plants  is  so  comparatively 
infrequent  that  it  can  be  practically  neglected.  Where  the  nature 
and  requirements  of  the  business  are  such  as  to  make  it  essential, 
other  naturally  influencing  conditions  may  have  to  be  compromised. 
The  handling  of  large  amounts  of  heavy  and  bulky  materials  or  the 
use  of  large  quantities  of  fuel  may  also  tend  to  fix  the  general  loca- 
tion within  narrow  limits. 

The  manner  in  which  the  needs  for  labor  will  be  met  is  usually 
determined  by  the  character,  number  and  magnitude  of  other  manu- 
facturing interests  located  in  the  same  town  or  in  the  immediate 
vicinity.  It  is  not  generally  found  difficult  for  a  new  concern  locat- 
ing in  any  section  to  procure,  within  a  reasonable  time,  all  the  labor 
necessary,  unless  the  new  plant  is  of  large  magnitude  or  the  require- 
ments are  for  skilled  labor  of  an  exceptional  character.     Upon  the 
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Fig.  4.— General  Plan  of  Plant  for  Manufacture  of  Metal  Refrigerators.  A  One-story  Factory,  Making  One  Line  of  Bulky  Goods. 
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advent  of  a  new  industry  there  is  usually  a  gradual  readjustment  of 
the  labor  conditions  and  all  ordinary  demands  are  met.  The  labor 
problem  is  a  reason  for  a  tendency  towards  communities  of  manu- 
facturing interests  of  the  same  general  character,  although  of  course 
the  labor  requirements  may  not  be  the  only  reason  for  such  tendency. 
In  connection  with  the  location  of  a  plant  due  consideration  should 
be  given  to  the  cost  of  living  and  the  means  of  cheap  transportation 
between  the  site  proposed  and  the  local  centers  of  population. 

The  processes  involved  in  all  manufacturing  plants  and  the  co- 
relation  of  the  departments  or  what  can  be  called  the  plant  geog- 
raphy are  so  completely  engineering  matters  that  before  selecting 
the  site  for  a  new  plant  an  engineer  should  be  engaged.  He  should 
be  capable  of  grasping  the  whole  problem,  experienced  in  building 
materials  and  construction  and  competent  to  execute  the  work  in  a 
thorough  and  practical  manner,  recognizing  not  only  the  influence 
of  the  manufacturing  processes  upon  the  arrangement  of  the  build- 
ings, but  the  types  and  details  of  construction  best  suited  for  the 
needs.     He  should  be  unhampered  by  any  commercial  connections. 

Although  a  manufacturer  usually  knows  what  he  wants  to  accom- 
plish, he  is  often  handicapped  by  lack  of  time  and  experience  to  work 
out  the  problems.  The  examination  of  a  large  number  of  plants 
indicates  that  in  a  majority  many  of  the  important  factors  controll- 
ing productive  economies  have  not  received  due  consideration.  If  a 
manufacturer  has  had  experience  in  a  plant  which  he  proposes  to 
replace  or  extend,  his  time  in  conjunction  with  that  of  the  design- 
ing engineer  can  be  well  spent  in  carefully  reviewing  the  growth 
and  development  which  has  resulted  in  the  present  conditions,  and 
with  this  information  and  data  before  them  consider  and  decide  upon 
the  present  needs,  how  much  space  should  be  provided  for  growth 
in  the  initial  construction  and  what  provisions  should  be  made  for 
extensions  when  they  become  necessary.  Convenient  means  of 
extending  the  buildings  is  important,  for  obstructions  cause  sacri- 
fices of  the  original  or  compromises  in  the  future  construction. 
Unless  care  is  exercised  in  the  original  plants  it  is  difficult  to  make 
any  material  changes  without  interruption  to  the  operations  and  loss 
of  revenue.  The  possibility  of  changing  the  uses  of  the  building 
from  those  for  which  they  are  designed  should  be  kept  in  mind. 
The  use  of  an  old  plant  as  a  guide  materially  assists  in  determin- 
ing the  space  and  shape  required  in  the  new,  emphasizes  the  good 
features  and  helps  to  avoid  the  bad  ones.  Without  having  the 
benefit  of  an  old  plant,  the  engineer  in  co-operation  with  the  manu- 
facturer, should  obtain  all  the  available  information  bearing  on 
the  methods  and  processes  contemplated.  In  reviewing  and  studying 
the  general  scheme  of  manufacture,  the  methods  which  have  been 
used  should  be  carefully  considered,  all  meritorious  features  given 
due  weight  and  an  effort  made  to  improve  them  in  the  new  under- 
taking. After  thoroughly  familiarizing  himself  with  the  problem,  the 
engineer  should  lay  out  several  general  arrangements  of  plants  in 
which  the  processes  can  be  carried  out  advantageously.     This  treat- 


154 


Brill — Manufacturing  Plants. 


ment  of  the  problem  will  indicate  the  relative  importance  of  the  dif- 
ferent departments  and  how  they  should  be  located  in  relation  to  each 
other ;  it  will  bring  out  the  means  which  must  be  employed  in  the 
different  arrangements  for  handling  materials  in  course  of  manu- 
facture and  the  effect  each  scheme  may  have  on  the  power  transmis- 
sion ;  it  will  develop  the  uses  and  distribution  of  water  and  emphasize 
the  important  subject  of  sewerage  and  drainage.  This  study  will 
also  bring  out  the  receiving  and  shipping  requirements,  the  needs  for 
storing  raw  materials  and  finished  products,  the  portions  of  the  build- 
ings to  be  reached  bv  railroad  tracks  and  the  most  desirable  location 
for  the  power  plant. 

If  large  quantities  of  water  are  used,  making  the  problem  of  waste 


Fig.  5. — Interior  View  of  One-story  Building,  Showing  Natural  Lighting, 
With  Lantern  Roof  Construction. 

disposal  important,  due  consideration  must  be  given  to  the  requisite 
means  of  handling  the  drainage  without  its  becoming  unduly  ex- 
pensive. Tracts  of  land  available  for  manufacturing  purposes  are 
sometimes  located  long  distances  from  city  sewers  'or  other  drainage 
facilities,  or  the  character  of  the  waste  may  make  it  objectionable  in 
sewers  or  streams  into  which  the  sewage  ordinarily  would  be  led. 
There  may  be  a  dry  refuse  for  which  adequate  removal  or  dumping 
provisions  must  be  made.  One  of  the  common  mistakes  made  in  the 
location  of  plants  is  the  neglect  of  these  important  matters.  The 
power  needed  and  whether  or  not  <he  general  requirements  are  such 
that  the  engines  are  to  be  operated  condensing  should  be  considered 
in  connection  with  the  water  available  and  its  cost.  It  may  become 
necessary  in  some  lines  of  manufacture  to  be  governed  somewhat  in 
site  selection  by  the  necessity  for  pure  air. 
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Due  consideration  of  all  these  important  matters  and  a  careful  com- 
parison of  the  merits  of  several  possible  plant  arrangements  should 
lead  to  the  adoption  of  the  most  suitable  one  and  help  determine  the 
site  to  be  selected. 

The  arrangement  of  buildings  together  with  the  size  and  number 
of  stories  should  be.  determined  largely  if  not  entirely  by  the  manu- 
facturing processes,  except  where  they  involve  undue  fire  risks.  All 
methods  to  be  employed  for  conveying  and  transporting  materials 
and  products  should  be  developed  and  proper  consideration  given  to 
any  effect  they  may  have  on  the  relative  position  of  the  departments 
and  the  building  construction.  If  the  nature  of  the  products,  is  such 
that  the  raw  materials  can  be  carried  to  the  top  floor  of  a  building 
several  stories  in  height  and  then  in  general  be  worked  towards  the 
ground  floor,  as  the  several  processes  are  completed,  the  tendency 
would  naturally  be  towards  a  building  of  that  character.  To  handle 
goods  in  course  of  manufacture  in  this  manner  involves  the  use  of 
elevators,  chutes  and  conveyors  in  some  of  the  wide  variety  of  types 
made,  and  the  adaptability  of  this  apparatus  permits  of  a  large  range 
of  materials  and  products  being  satisfactorily  and  economically 
handled.  However,  in  many  cases,  the  parts  in  process  and  the  prod- 
ucts are  so  cumbersome  or  heavy  and  involve  so  many  operations  in 
their  production  that  it  is  not  practicable  to  handle  them  in  this 
manner  and  this  would  tend  towards  the  use  of  one  story  buildings. 
Where  the  parts  are  small  and  handled  in  large  quantities,  the  shape 
and  arrangement  of  the  building  or  buildings  may  have  little  in- 
fluence on  the  economy  of  the  operations.  If  but  one  line  of  goods 
is  produced  and  the  raw  materials  and  parts  are  such  that  they  are 
carried  along  together,  a  rectangular  building  may  serve  the  purpose 
quite  as  well  as  one  of  more  complicated  shape.  It  sometimes 
occurs  that  an  article  or  machine  forming  one  of  the  products  is 
assembled  in  one  place  by  bringing  together  parts  produced  in  many 
portions  of  the  plant,  when  other  than  rectangular  buildings  may 
be  more  suitable.  Such  shapes  should  be  considered  as  indicated 
bv  the  forms  below.     These  show  various  evolutions  in  shapes. 


p3 


By  the  use  of  such  forms,  materials  and  parts  may  travel  from  two 
or  more  directions  and  pass  through  the  respective  processes  on  their 
way  towards  final  assembling,  or  several  lines  of  goods  can  be  made 
and  without  interference  brought  to  a  common  point  for  storage  and 
shipping.  At  the  same  time,  with  these  forms  of  structures  suffi- 
cient space  can  be  provided  between  and  about  the  several  parts  so 
that  each  will  be  accessible  to  track  and  yard  facilities  and  readily 
provided  with'  natural  light.  With  the  original  construction  prop- 
erly located  on  the  site  these  forms  can  be  extended  and  depart- 
ments readily  added. 
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It  often  hapnens  that  a  group  of  several  detached  buildings  may 
best  serve  the  purpose.  This  may  be  emphasized  by  the  size  of  the 
plant  or  the  manufacture  and  storage  of  parts  in  large  quantities 
before  assembling  Especially  is  this  true  if,  because  of  the  sizes 
and  character  of  these  parts,  they  can  be  stored  in  an  open  or  covered 
vard  as  well  as  to  use  more  valuable  space  in  the  plant  proper  where 
they  might  form  obstructions  in  the  movment  of  the  materials. 

To  determine  the  best  form  and  arrangement  of  buildings,  the 
logical  method  of  procedure  is  to  decide  upon  the  space  to  be  allotted 
to  each  department  and  their  co-relation  and  to  consider  the  several 
processes,  the  character  of  the  materials,  the  sizes  of  parts,  the  amount 
and  nature  of  the  work  to  be  done  and  the  requirement  for  light. 


Fig.  6. — Concrete  Building,   in   Process  of  Construction. 

This  will  indicate  the  best  unit  width  of  buildings  and,  with  this 
fixed,  the  total  length  which  will  result  by  the  use'  of  one,  two  or  more 
stories  will  be  shown.  The  relation  of  the  several  steps  in  the  pro- 
cess of  manufacture  will  determine  where  the  different  departments 
should  be  located  and  thus  to  a  large  extent  make  clear  the  number 
of  stories  which  will  most  naturally  meet  the  manufacturing  require- 
ments. 

The  ground  area  covered  is  directly  dependent  upon  the  number 
of  stories  for  a  given  total  floor  space,  therefore  the  relative  merits 
of  two  or  more  available  sites,  with  areas  differing  enough  to  in- 
fluence the  building  arrangements,  should  be  weighed  against  those 
of  buildings  constructed  with  various  numbers  of  stories.  Not  only 
the  areas  of  available  sites,  but  their  unit  costs  might  influence  the 
height  of  the  buildings  and  the  shape  of  the  plat  may  also  modify 
the  form  of  the  buildings.  To  get  the  most  efficient  results  it  is 
essential  to  have  land  of  sufficient  quantity  and  of  such  shape  that  the 
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building  arrangements  need  not  be  compromised  and  thus  leave  the 
designer  free  to  adopt  such  forms  and  heights  as  may  best  suit  the 
processes  and  space  requirements. 

If  several  kinds  of  raw  materials  are  received  on  cars  in  suffi- 
cient amounts  to  make  it  necessary  or  desirable  to  reach  different 
portions  of  the  plant  with  tracks,  due  attention  should  be  given  to  the 
manner  of  bringing  them  onto  the  premises  and  of  reaching  the 
objective  points — shipping  and  receiving — in  such  a  way  that  the 
tracks  will  not  be  objectionable  or  interfere  with  such  other  means  of 
outside  communication  between  the  buildings  as  surface  and  over- 
head tramways,  runways,  etc. 

If  a  unit  width  of  not  to  exceed  60  ft.  is  adopted  for  buildings  two 


Fit 


-View  of  Completed  Concrete  Building,  Shown  in  Fig.  6. 


or  more  stories  high,  natural  light  can  be  obtained  suitable  for  most 
manufacturing  operations.  Where  a  portion  of  them  require  ex- 
ceptional natural  light  they  can  usually  be  performed  on  the  top 
floor  of  buildings,  when,  by  the  use  of  a  saw  tooth  roof,  the  best 
lighting  conditions  will  result.  Where  all  the  operations  require  light 
of  exceptional  quality,  it  may  become  necessary  to  resort  to  one 
story  buildings  covered  entirely  with  a  saw  tooth  roof,  although  a 
good  lantern  design  adequately  meets  all  but  the  most  exacting  needs. 
Considering  the  same  general  character  of  construction  and  a  given 
amount  of  space,  buildings  of  one  story  are  generally  somewhat 
more  expensive  than  those  of  a  greater  number.  This  is  emphasized 
if  the  value  of  land  is  taken  into  account.  Eliminating  all  variable 
details,  as  far  as  practicable,  it  is  still  necessary  to  have  such  essential 
features  as  roofs  and  foundations  whether  the  building  are  one  or 
more  stories  and  a  unit  area  of  roof  costs  no  more  when  covering 
several  stories  than  when  covering  one.  A  floor  is  chargeable  to  each 
story,  but  as  they  increase  in  number  the  roof  expense  for  each  is 
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reduced.  The  foundations  are  also  more  expensive  per  unit  of  floor 
area  in  one  story  construction,  for  while  they  would  be  somewhat 
lighter  than  where  supporting  several  stories,  there  is  but  little  dif- 
ference in  the  cost  of  excavating  and  the  cost  of  forms  does  not 
increase  in  proportion  to  the  number  of  stories.  The  comparison  of 
costs  in  general  would  be  affected  by  the  loads  for  which  the  floors 
are  designed,  heavier  loads  tending  towards  one  story  construc- 
tion. 

Careful  study  should  be  given  to  the  heights  of  stories  and  where 
there  are  several  they  may  vary  to  meet  the  requirements  of  the 
operations  which  take  place  in  them.  However,  the  heights  in  any 
case  are  controlled  largely  by  the  unit  width  of  building,  the  ap- 
paratus which  will  he  installed,  the  methods  of  transmitting  power 
and  the  character  of  the  materials  passing  through  the  several  de- 
partments. To  minimize  the  waste  of  timber  the  market  lengths 
should  fix  the  exact  heights  and  the  size  of  bays. 

In  determining  the  width  and  deciding  upon  the  general  type  of 
buildings  to  be  constructed,  as  governed  by  the  department  require- 
ments, due  attention  must  be  given  to  the  resulting  size  of  rooms  and 
the  manner  in  \vh:ch  they  can  be  assembled  so  as  to  provide  fire  walls 
at  logical  points  and  to  keep  the  areas  within  the  specifications  of 
the  insurance  underwriters. 

The  convenient  location  of  space  for  the  temporary  storage  of  raw 
materials  and  manufactured  parts  is  important  in  promoting  economy 
in  production.  Coarse  and  bulky  materials  such  as  lumber,  cast- 
ings, steel,  fuel  and  other  stock  may  well  be  placed  conveniently  ac- 
cessible to  the  several  departments  using  them.  Manufactured  parts 
should  be  stored  us  near  the  path  of  travel  of  the  goods  in  process  as 
practicable,  but  'f  large  numbers  of  small  parts  are  used,  making  the 
unit  expense  for  handling  very  small,  this  is  not  so  important. 

Basements  of  the  proper  construction  afford  useful  space  for  the 
storage  of  a  large  variety  of  goods  and  should  be  considered 
favorably  in  the  design  of  plants  where  the  drainage  conditions 
permit.  The  heights  of  car  floors  tend  to  fix  the  first  floor  level  of 
manv  buildings  and  incidently  about  the  same  height  is  convenient 
for  teaming.  With  the  first  floor  fixed  at  this  level  buildings  can  be 
constructed  with  basements  for  a  slight  additional  cost.  To  provide 
against  frost,  it  h  necessary  to  carry  foundation  walls  from  three 
to  five  feet  below  the  surface  of  the  ground.  This  depth  with  the 
distance  up  to  the  first  floor  added  gives  nearly  the  requisite  height 
for  the  basement.  Therefore,  such  space  can  generally  be  obtained 
for  the  expense  of  removing  the  -oil  and  increasing  the  depth  of 
the  foundations.  Dark  basements  are  objectionable,  often  serve  for 
the  accumulation  of  rubbish  and  waste  and  are  productive  of  fires 
through  carelessness  and  negligence.  With  basements  constructed 
so  that  nearly  half  their  height  is  above  the  ground  there  is  ample 
opportunity  to  obtain  good  natural  light  and  good  drainage  can  be 
provided  at  less  expense  because  of  the  decreased  depth.  Space  can 
therefore  be  provided  which,  being  both  light  and  dry,  is  well  suited 
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for  the  storage  of  goods  of  almost  any  character,  easily  accessible  and 
consequently  desirable  and  convenient  for  use.  While  it  may  not 
be  practicable,  on  account  of  the  character  and  location  of  the  opera- 
tions, to  store  all  heavy  materials  ;md  parts  in  basements,  the  sup- 
port which  can  naturally  be  provided  for  them  should  have  some  in- 
fluence in  arranging  the  departments  at  the  time  of  making  the  pre- 
liminary study.  Basements  generally  afford  convenient  space  for 
carrying  heating  pipes,  suitable  provisions  for  which  are  often  dif- 
ficult or  awkward  to  make  when  the  first  floor  is  on  or  just  above 
the  ground.  Again  many  kinds  of  machinery  which  might  naturally 
be  placed  on  the  first  floor  can  be  conveniently  driven  from  below 
and  thereby  eliminate  much  of  the  transmission,  with  its  objection- 
able features,  from  the  working  space. 

Considering  the  types  of  buildings  to  be  adopted  there  are  two 
which  fully  meet  modern  requirements, — "fire-proof"  and  "mill"  or 
"slow-burning."  The  former,  as  implied  by  its  name,  contains  little 
or  nothing  in  its  construction  of  a  combustible  nature  and  is  limited 
to  structures  of  monolithic  concrete  and  those  with  brick  walls,  with 
or  without  protected  steel  frames,  and  floors  and  roofs  of  concrete  or 
tile. 

The  use  of  concrete  for  building  purposes  generally  has  not  become 
sufficiently  common  to  permit  of  a  true  and  conservative  comparison 
with  buildings  of  better  known  construction.  While  concrete  build- 
ings for  a  specific  purpose  may  have  thus  far  cost  more  than  those 
of  first  class  mill  construction,  it  is  probable  that  with  more  general 
experience  on  the  part  of  builders,  and  therefore  improved  methods 
and  facilities  and  the  natural  competition  which  will  follow,  these 
conditions  may  materially  change.  It  would  appear  at  this  time 
that  with  no  local  market  influences  affecting  the  cost  of  materials 
commonly  used  in  building  construction  concrete  may  be  used  to 
advantage  where  the  floor  loads  exceed  200  pounds  per  square  foot. 
The  reason  for  this  tendency  is  apparent,  for  a  considerable  per- 
centage of  the  cost  of  concrete  construction  is  due  to  the  cost  of  the 
necessary  forms  and  the  expense  of  handling  them,  which  is  but  little 
greater  for  thick  walls  and  floors  than  for  thin  ones. 

The  rapid  development  of  the  Portland  cement  industry  in  the 
last  few  years,  together  with  the  increased  cost  of  other  building 
materials  has  tended  to  make  the  use  of  concrete  popular.  Perhaps 
the  novelty  of  it  has  influenced  both  engineers  and  laymen,  but  the 
tendency  to  use  it  for  general  building  purposes  has  led  many  able 
engineers  to  give  much  careful  thought  and  attention  to  the  matter, 
resulting  in  much  good  work  and  many  ingenious  applications.  It 
would  seem  that  practically  all  possible  forms  of  steel  reinforcement 
have  been  used  or  suggested.  Much  progress  has  been  made  in  the 
design  and  construction  of  concrete  buildings  and  it  is  fair  to  assume 
that,  with  the  experience  naturally  resulting  from  their  construction 
and  use,  still  further  advancement  will  be  made.  There  should  be  no 
question  about  the  integrity  of  concrete  buildings  when  high  grade 
materials  are  used  in  the  proper  proportions,  care  is  exercised  in  mix- 
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ing  and  when  the  concrete  is  properly  placed  and  in  accordance  with 
suitable  designs.  Where  the  opposite  of  these  conditions  prevails 
disaster  may  be  expected.  Therefore,  it  is  essential  that  each  of  these 
important  factors — materials,  mixture,  and  design,  shall  be  right. 
There  has  doubtless  been  much  poor  cement  used  in  the  last  few 
years  and  not  all  of  that  now  on  the  market  is  as  good  as  it  should 
be.  It  is  but  natural  to  expect  that  in  designs  involving  the  use  of 
new  materials  and  new  types  of  construction  some  mistakes  will  be 
made  and  in  all  probability  such  has  been  the  case  in  this  class  of 
work.  The  principle  sources  of  weakness,  however,  are  probably 
due  to  the  lack  of  uniformity  of  mixture  and  time  allowed  for  set- 
ting.    The  elements  of  integrity  in  buildings  of  steel,  brick,  stone, 


Fig.   8. — View   of   Building-  With    Self-Supporting   Steel   Frame   Work — 
During  Construction. 

wood.  etc..  are  quite  different  from  those  which  govern  concrete 
buildings.  In  the  former  both  the  materials  and  workmanship  are 
subject  to  effective  inspection,  while  in  the  latter  the  materials  and 
proportions  are  specified  with  care,  but  are  usually  mixed  and  placed 
by  unskilled  workmen  after  which,  from  its  character,  the  work  is 
difficult  to  inspect.  The  avarice  of  some  contractors,  who  have  been 
attracted  to  concrete  building  construction  by  its  apparent  simplicity 
and  the  consequent  opportunity  for  poor  workmanship  and  large 
profit.   ha=    resulted    in    much    defective    work. 

There  is  a  wide  difference  of  opinion  about  the  relative  adaptability 
of  concrete  and  the  better  known  materials  to  buildings  for  manu- 
facturing purposes.  Where  large  bays  are  desirable  concrete  con- 
struction should  attract  favor,  for  with  given  floor  loads  fewer 
columns  are  required  than  where  the  floors  are  constructed  of  wood. 
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The  method  used  for  transmitting'  power  and  the  character  of  the 
transmission  machinery,  the  facilities  required  for  attaching  the 
machinery  to  the  floors  and  the  necessity  for  changing  its  location, 
would  have  a  bearing  on  the  use  of  concrete  for  manufacturing 
buildings.  With  electrical  transmission  and  the  use  of  motors  coupled 
or  belted  to  the  machines  or  to  the  shafts  driving  groups  of  machines, 
it  is  seldom  necessary  to  run  belts  through  the  floors  and  to  provide 
openings  for  that  purpose.  With  some  classes  of  machinery  it  is 
desirable  to  drive  from  the  under  side  by  a  shaft  or  motor  located  in 
the  story  below.  Usually,  however,  where  openings  through  floors 
are  necessary  for  belts  it  is  in  connection  with  mechanical  transmis- 
sion, where  the  main  lines  of  shafting  are  driven  bv  heavy  belts  run- 


Fig.  9. — View  of   Completed  Building — Foundry  and   Machine   Shop. 

ning  from  floor  to  floor.  It  may  be  possible  to  anticipate  the  location 
of  all  openings  necessary  for  this  purpose,  but  in  the  actual  con- 
struction and  operation  of  plants  many  conditions  arise  which  neces- 
sitate changes  in  the  location  of  apparatus  and  the  means  for  operat- 
:ng  it.  Openings  also  have  to  be  provided  in  the  original  construc- 
ion  or  made  later  through  floors  and  walls  for  pipes,  drains,  wiring 
conduits,  conveyors,  etc.,  the  location  of  the  greater  portion  of  which 
can  best  be  determined  as  the  plans  develop  and  the  several  features 
of  the  plant  are  executed  in  logical  order.  It  is  hardly  to  be  ex- 
pected that  the  location  of  all  openings  can  be  determined  before  or 
during  the  building  construction,  in  fact,  it  would  be  impracticable  to 
either  anticipate  all  of  them  or  to  so  handle  the  transmission,  piping 
and  wiring  as  to  make  them  fit  a  pre-arranged  set  of  conditions.  Such 
openings  wherever  made  tend  to  destroy  the  fire  proof  feature  which 
forms  an  essential  consideration  in  the  use  of  concrete  buildings. 
Wood  or  steel  strips  can  be  placed  in  the  floors  for  receiving  lag 
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Fig.  10. — Sectional  View,  Through  Foundry  of  Figs.  8  and  9. 
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screws  or  bolts  to  hold  the  machines  in  place.  In  a  similar  way  shaft- 
ing can  be  suppoited  from  ceilings,  but  to  carry  out  these  arrange- 
ments effectively  the  requirements  must  be  known  at  the  time  of  con- 
struction in  order  to  suitably  provide  for  them.  If  changes  in  loca- 
tion afterward  become  necessary,  further  provisions  will  have  to  be 
made.  If  all  the  requirements  can  be  predetermined,  the  installation 
might  be  made  with  little  or  no  inconvenience,  but  in  practice  the 
most  carefully  prepared  plans  are  seldom  carried  out  in  all  their 
details  and  those  provisions  which  seem  suitable  and  adequate  are 
often  subject  to  radical  revision. 

Comparing  good  mill  construction  with  concrete,  the  former  is 
much  more  adaptable  to  the  various  conditions  and  changing  re- 
quirements in  buildings  used  for  manufacturing  purposes.  Concrete 
construction  is  admirably  adapted  for  warehouses,  where  it  is  simply 
a  matter  of  providing  a  given  amount  of  space  and  floors  which  will 
support  certain  loads,  especially  where  they  are  heavy. 

Buildings  constructed  with  self-supporting  steel  frames ;  brick,  tile 
or  concrete  walls ;  tile,  concrete  or  wooden  floors  and  roofs  are  most 
suitable  for  certain  classes  of  work  and  under  some  conditions  and 
they  approximate  fire  proof  construction.  Such  buildings  are  espe- 
cially adapted  to  the  conditions  generally  found  in  shops,  foundries 
and  power  plants,  where  large  and  unobstructed  floor  areas  are  re- 
quisite and  traveling  cranes  are  essential. 

The  "mill"  or  "slow-burning"  type  of  buildings,  though  con- 
structed to  a  large  extent  of  combustible  materials,  is  so  designed  and 
arranged  that  it  is  difficult  for  a  fire  to  gain  rapid  headway.  Build- 
ings of  this  character  are  usually  enclosed  with  self-supporting  brick 
walls  with  columns,  floors  and  roofs  of  wood.  The  columns  and 
beams  should  have  large  cross  sections  with  wide  undivided  spaces 
between  them.  The  roofs  and  floors  should  be  of  plank,  the  formei 
covered  with  a  suitable  roofing  and  the  latter  with  a  wearing  surface 
of  maple.  The  connections  at  the  columns  and  the  bearings  in  the 
walls  should  be  so  designed  that  the  beams  will  be  free  to  fall  with- 
out causing-  the  whole  structure  to  give  way.  With  the  large  space:- 
between  beams,  small  pockets  are  avoided  and  fires  which  they  would 
harbor  are  prevented  because  all  Darts  are  accessible  to  water  from 
sprinkler  heads  or  hose. 

Buildings  of  mill  construction  have  been  found  to  be  admirably 
suited  to  a  large  variety  of  manufacturing  operations.  With  ordi- 
nary floor  loads  the  construction  can  be  such  that  bays  of  good  size 
may  be  formed,  large  window  openings  provided  and  good  light 
obtained,  machinery  readily  fastened  to  and  suspended  from  the 
floors  and  openings  through  floors  easily  made  as  required.  Build- 
ings of  this  type  lend  themselves  so  well  to  many  manufacturing 
operations  that  changes  can  be  made  in  the  location  of  the  equip- 
ment and  departments  or  even  other  similar  lines  of  manufacture  sub- 
stituted without  materially  impairing  their  usefulness. 

Where  stone  or  gravel  is  plentiful,  concrete  has  come  to  be  recog- 
nized as  the  most  suitable  material  for  foundations.  This  has  been 
brought  about  to  a  large  extent  by  the  increased  supply  of  Portland 
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cement  and  the  greater-cost  of  skilled  labor  necessary  for  the  proper 
construction  of  stone  foundation?.  With  a  small  percentage  of 
skilled  labor,  concrete  foundations  can  be  put  in  place  rapidly  and 
economically.  It  is  to  be  expected  that  manufacturing  plants  will 
seldom  be  located  where  pile  foundations  are  necessary.  These  cases 
are  generally  limited  to  locations  adjacent  to  water,  to  made  ground 
and  where  quick-sand  is  encountered.  Where  piles  are  used  they 
should  always  be  cut  off  below  the  water  line  and  the  foundations 
started  from  this  level.  In  all  cases  where  the  buildings  are  of  any 
considerable  size  or  height  and  the  foundations  are  to  rest  directly 
on  the  ground,  borings  should  be  made,  reaching  well  below  the  level 
of  the  proposed  footings  of  the  foundations,  and  comprehensively 
cover  the  area  in  question.  The  evidence  thus  obtained  should  be> 
carefully  studied  in  order  to  intelligently  determine  the  bearing 
values  of  the  soil.  This  may  also  show  that  there  is  sand  or  gravel 
present  which  can  be  used  for  building  purposes.  In  deciding  upon 
the  values  to  be  used  and  the  size  of  the  footings  for  walls  and  col- 
umns, a  thorough  study  and  analysis  should  be  made  of  the  character 
of  the  loads  to  be  supported.  After  providing  for  the  weight  of 
the  building  and  other  dead  loads,  it  is  not  necessary  to  provide  for 
the  total  live  loads  which  come  upon  the  several  parts  and  for  which 
they  are  designed,  but  the  probable  average. 

By  strictly  observing  the  rules  and  requirements  of  the  under- 
writers, the  worth  of  the  plant  is  increased.  In  order  that  the  general 
construction  may  be  such  that  all  details  shall  be  properly  and  ef- 
fectively carried  out  to  insure  the  minimum  risk  from  fire  and  that  all 
provisions  for  fire  protection  may  be  suitable  and  adequate,  it  is  ex- 
pedient that  the  designing  engineer  be  conversant  with  the  under- 
writers requirements.  He  should  consider  the  character  of  the  raw 
materials,  the  processes,  the  finished  products  and  the  methods  of 
storage ;  and  give  one  and  proper  attention  to  danger  from  fire  which 
may  be  involved  in  handling  any  of  the  materials,  executing  any  of 
the  processes  and  not  only  reach  a  decision  as  to  the  type  and  char- 
acter of  the  buildings  to  be  built,  but  their  construction  and  the 
materials  to  be  vsed  in  them.  The  available  water  supply  for  fire 
protection  purposes  and  adequate  and  positive  means  for  procuring 
it  in  sufficient  quantities  are  primary  considerations  in  plant  location 
as  well  as  in  the  character  of  construction. 

In  locating  the  buildings,  room  should  be  left  between  them  to 
prevent  fire  being  communicated  fiom  one  to  another,  and  to  afford 
adequate  space  in  which  to  safely  tight  fires  which  may  have  gained 
headway.  Buildings  used  for  the  manufacture  and  storage  of  highly 
combustible  materials  should  be  isolated,  so  that  a  fire  in  one  of  them 
will  not  endanger  the  plant.  Oil  houses  should  have  their  floors 
below  the  yard  level  in  order  that  in  the  event  of  fire  the  burning  oil 
would  be  confined  to  a  restricted  area. 

Where  the  buildings  are  close  together,  or  where  flues  are  formed 
by  light  shafts  and  elevator  or  stair  wells,  openings  in  walls  should 
be  protected  by  wire  glass. which  permits  light  to  enter  but  obstructs 
the  passage  of  fire.     Where  the  admittance  of  light  is  not  essential, 
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Fig.  12.— Sectional  View  of  Mill  Construction  Building  for  Light  Woodworking. 
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as  between  adjacent  rooms  which  are  independently  lighted,  auto- 
matic fire  doors  of  wood,  tin-clad,  or  steel  should  protect  the  open- 
ings. As  a  further  safe-guard  for  openings  on  the  exposed  sides  of 
buildings,  steel  fire  shutters  are  sometimes  used.  In  the  majority  of 
such  cases,  these  remain  open,  except  in  the  event  of  fire,  but  should 
be  so  arranged  that  they  can  be  closed  automatically  or  by  a  fire 
stream.  The  matter  of  protecting  all  vertical  openings  is  an  im- 
portant one,  as  a  means  of  preventing  the  loss  of  life  as  well  as  prop- 
erty, and  if  effectively  done  a  fire  can  be  confined  to  the  floor  upon 
which  it  starts  and  its  exact  location  readily  determined.  Brick  walls 
are  the  most  efficient  for  enclosing  vertical  shafts  and  should  be  used 
wherever  possible,  although  wire  glass  in  steel  frames  serves  well 
where  light  is  a  governing  factor. 


Fig.  15. — Birdseye  View  of  Plant.  Shown  in  Figs.  13  and  14. 
When  the  buildings  have  been  properly  arranged  and  constructed, 
the  fire  protection  equipment  should  receive  due  consideration.  The 
three  essential  elements  involved  are  the  supply,  distribution  and  dis- 
pensation of  the  water.  Two  independent  sources  of  water  supply 
should  be  provided  and  any  two  of  the  following  will  answer  the 
purpose. — a  reservoir  in  connection  with  a  fire  pump,  a  standpipe  or 
gravity  tank  and  ?.  city  pressure  system.  A  fire  pump  should  always 
be  installed,  even  if  city  water  under  pressure  is  available.  The 
reservoir  and  the  standpipe  or  gravity  tank  must  have  capacities 
governed  by  the  areas  of  the  plant  between  the  fire  walls  and  the 
stand  pipe  or  tank  must  have  such  an  elevation  as  to  hold  the  re- 
quired volume  of  water  at  least  twenty  feet  above  the  highest  portion 
of  any  building.  The  capacity  and  design  of  the  fire  pump  are  also 
governed  by  fixed  rules  of  the  underwriters,  the  capacity  depending 
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upon  the  size  of  the  plant.  The  distribution  system,  consisting  of  the 
piping,  valves  and  hydrants,  must  be  tested  and  made  tight  at  a 
pressure  of  150  lbs.  per  sq.  in.,  but  a  pressure  of  200  lbs.  is  more 
desirable  and  is  to  be  recommended.  Hydrants  and  hose  should  be 
distributed  about  the  premises  in  such  a  manner  that,  when  required, 
lines  can  be  quickly  run  to  any  part  of  the  plant.  Valves  control- 
ling the  sprinkler  systems  should  be  equipped  with  indicator  posts 
and.  placed  at  such  a  distance  from  the  building  whose  equipment 
they  control  as  to  be  accessible  if  that  portion  of  the  plant  is  on  fire. 

There  are  but  few  cases  where  sprinkler  systems  are  not  to  be 
recommended,  these  being  where  neither  the  building  nor  its  contents 
are  of  a  combustible  nature.  The  -sprinklers  must  be  so  arranged  that 
every  part  of  the  building  can  be  reached  by  the  water  and  so 
designed  and  constructed  that  they  will  act  promptly  and  with 
certainty.  This  is  true  of  the  whole  equipment  since  the  successful 
prevention  and  extinguishment  of  fires  is  dependent  upon  the  re- 
liability of  the  apparatus.  After  providing  the  plant  with  the  best 
modern  fire  preventing  and  controlling  equipment,  the  owner  should 
go  one  step  further  and  install  an  automatic  alarm  system  connect- 
ing all  parts  of  the  plant  with  the  power  house  and  the  public  fire 
department. 

The  protection  of  towers  and  chimneys  by  the  use  of  lightning 
conductors  is  not  a  myth  but  a  reality  and  should  be  provided  for 
all  such  structures.  Care  must  be  exercised,  however,  that  the 
work  shall  be  properly  done  and  well  maintained. 

Much  can  be  said  about  the  details  of  construction,  but  the  es- 
sential ones  are  dependent  upon  the  size,  location  and  market  con- 
ditions for  building  materials,  purposes  for  which  the  buildings  are 
to  be  used,  the  floor  loads  imposed  and  the  character  of  the  materials 
employed  in  manufacture.  Many  details,  such  as  the  methods  of 
supporting  girders  at  the  walls  and  columns ;  the  design  of  caps, 
base  plates,  pintels  and  hangers  as  well  as  the  strength  to  be  pro- 
vided in  the  several  parts  of  the  buildings,  must  be  left  to  the  skill 
and  experience  of  the  designer,  and  it  does  not  seem  pertinent  to  the 
purpose  of  this  paper  to  enter  into  a  discussion  of  them.  The  princi- 
pal consideration  is  that  all  the  objects  for  which  the  plant  is  to  be 
built  shall  be  thoroughly  understood  and  carefully  considered  and  all 
details  as  well  as  the  general  design  be  made  to  meet  them. 

In  a  strict  sense  the  design  of  manufacturing  plants  is  more  of  an 
engineering  problem  than  an  architectual  one,  and  while  the  appear- 
ance may  have  little  or  no  bearing  on  the  productive  efficiency,  the 
architectual  treatment  should  be  such  that  without  undue  expense 
the  buildings  will  have  a  substantial  and  harmonious  effect. 

The  importance  of  good  natural  light  in  manufacturing  plants  can- 
not be  overestimated  and  seldom  does  any  set  of  conditions  arise 
which  prevent  its  being  obtained.  This  must  be  supplemented  bv 
good  artificial  light  in  and  about  the  buildings  and  as  electricity  best 
meets  all  requirements,  and  only  introduces  an  element  of  danger 
when  improperly  installed,  it  should  be  the  only  form  adopted  in 
modern  plants.     Generally  a  system  combining  arc  and  incandescent 
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Fig-  13— General  Plan  of  Plant  for  Manufacture  of  Metal  Be«»»— Four  Lines  of  Goods  are  Produced— Iron  and  Brass  Beds,  Woven  Wire  and  Box  Springs. 
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Fig.  14. — Sectional  View  of  Metal  Bed  Foundry. 
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lights  best  serves  all  needs,  the  arcs  to  be  used  for  general  illumina- 
tion and  the  incandescents  for  detail  lighting.  A  well  lighted  plant 
assists  the  workmen,  facilitates  the  operations,  prevents  the  accumu- 
lation of  rubbish,  decreases  the  danger  from  fires,  improves  the 
sanitary  conditions  and  promotes  general  efficiency. 

The  size  of  the  windows  as  determined  by  their  height  above  the 
floor  will  be  influenced  by  the  methods  of  heating  and  the  location 
of  work  benches.  If  heating  coils  or  benches  extend  along  the  outer 
walls  the  windows  will  be  higher  from  the  floor  than  would  be  neces- 
sary under  other  circumstances.  If  heavy  shafting  is  to  be  hung  from 
the  ceiling,  provisions  should  be  made  in  the  girder  arrangements  for 
the  proper  placing  of  hangers.  If  motors  are  to  be  used  without 
heavy  shafting,  the  floor  construction  may  be  designed  largely  with- 
out regard  to  the  methods  of  transmitting  power,  for  if  they  arc  hung 
from  the  ceiling  their  locations  will  be  at  irregular  intervals  and  any 
extra  provision  for  supporting  them  will  necessarily  have  to  be  made 
to  meet  each  requirement.  The  details  of  the  floor  construction  and 
support  should  be  governed  not  only  by  the  weights  which  come 
upon  the  floors,  but  the  character  of  the  loads.  If  there  are  a  large 
number  of  small  machine  tools  thev  can  be  satisfactorily  distributed 
in  almost  any  manner,  which  the  needs  of  the  business  indicate,  with- 
out any  especial  supporting  construction.  Where  the  machines  are 
large  or  impose  severe  shocks  or  vibrations  upon  the  supports,  especial 
provisions  should  be  made  for  them  in  the  building  construction,  if 
they  cannot  be  placed  on  the  ground  floors  where  suitable  foundations 
can  be  provided.  A  large  amount  of  such  apparatus  might  influence 
the  general  character  of  the  buildings. 

The  requirements  for  heating  and  methods  to  be  adopted  should 
be  considered  co-incident  with  the  study  of  the  general  design  and 
arrangement  of  the  buildings  and  a  decision  reached  as  to  the  type 
of  equipment  best  suited  to  the  conditions.  If  the  heating  is  done 
by  direct  radiation,  precautionary  provisions  in  the  plans  may  be  un- 
necessary ;  but  if  fan  systems  are  used  care  must  be  exercised  that  the 
distributing  ducts  will  not  interfere  with  any  of  the  other  apparatus 
to  be  installed.  The  use  of  exhaust  steam  distributed  through  coils 
about  the  several  departments  forms  one  of  the  systems  commonly 
used  for  factory  heating,  but  it  makes  no  provision  for  positive 
ventilation. 

If  the  nature  of  the  work  is  such  that  the  employees  will  be 
crowded  together  or  if  the  processes  are  such  that  noxious  gases, 
dust,  lint  or  other  objectionable  materials  will  be  produced,  it  be- 
comes necessary  to  provide  frequent  changes  of  the  air.  Where 
the  opposite  conditions  prevail,  little  ventilation  may  be  necessary. 
The  heating  and  ventilating  may  be  combined  bv  using  an  indirect  or 
blower  system  bv  which  positive  ventilation  is  provided.  Where  such 
systems  are  used  and  part  of  the  air  supply  is  taken  from  inside  the 
buildings/  it  is  essential  that  it  be  taken  from  those  departments  or 
rooms  where  the  air  is  free  from  objectionable  elements. 

In  almost  all  manufacturing  plants  there  is  some  use  for  exhaust 
steam  aside  from  heating  the  buildings,  such  as  dry  kilns,  the  heat- 
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ing  of  water  for  various  purposes,  enameling  and  japanning  ovens, 
evaporating  and  distilling.  These  requirements  and  their  location 
combined  with  the  method  selected  for  heating  the  buildings  may  go 
far  towards  determining  the  type  of  apparatus  in  and  fixing  the 
location  of  the  power  plant.  The  manner  of  transmitting  power, 
whether  electrical  or  mechanical,  will  modify  the  power  plant  location 
and  equipment.  It  should  be  reasonably  near  the  main  plant  and  so 
placed  that  it  will  not  interfere  with  the  manufacturing,  shipping  or 
storage  operations  and  as  far  as  practicable  not  obstruct  logical  ex- 
tensions which  may  be  made  to  the  more  important  buildings. 

Adequate  and  suitable  toilet  accomodations  should  be  provided 
throughout  ever)'  manufacturing  plant  and  if  the  buildings  are  of 
considerable  size,  it  may  be  well  to  place  closets  on  all  the  floors  and 
in  locations  conveniently  accessible  without  being  obtrusive,  and  so 
arranged  as  not  to  obstruct  the  manufacturing  operations  or  use 
valuable  space.  Lavatories  may  be  placed  on  each  floor,  or  per- 
haps still  better,  assembled  in  conjunction  with  a  locker-room.  Space, 
convenient  of  access  for  employees  entering  and  leaving  the  plant, 
may  well  be  set  aside  for  lockers  where  clothing,  lunch  baskets,  etc., 
superfluous  in  the  plant,  can  be  safely  left  and  cared  for.  In  many 
cases  this  has  been  found  more  satisfactory  than  corresponding  con- 
veniences distributed  about  the  plant.  To  be  considered  modern, 
plants  should  be  provided  with  a  lunch-room  and  some  concerns  have 
found  it  expedient  to  furnish  soup  and  coffee  free,  leaving  the  em- 
ployees to  provide  the  balance  of  the  meal,  while  others  have  served 
a  few  well  cooked  foods  practically  at  cost.  The  class  of  help,  loca- 
tion of  plant,  in  relation  to  centers  of  residence,  and  the  outside  facili- 
ties for  procuring  suitable  refreshments  may  best  indicate  the  pro- 
visions which  should  be  made  and  will  be  appreciated.  Self-cleansing 
drinking  fountains,  located  about  the  plant,  is  a  sanitary  provision 
amply  justified.  Usually  there  need  be  no  real  waste  incidental  to 
their  use;  for  the  overflow  can  readily  be  used  in  the  power  plant,' 
for  flushing  or  for  other  purposes  where  water  is  required.  Baths, 
especially  showers,  have  been  appreciated  where  installed.  The 
lunch-room  or  dining-room  may  be  so  planned  as  to  be  easily  con- 
vertible into  a  place  for  entertainment.  Rooms  suitable  for  club 
purposes  and  rest-rooms  for  girls  are  sometimes  desirable  adjuncts. 
Plants  of  any  magnitude  and  especially  those  wherein  the  operations 
are  hazardous  should  have  something  in  the  way  of  a  hospital,  with 
suitable  accessories,  where  emergency  cases  can  be  treated.  These 
matter?,  which  in  general  may  be  classed  under  welfare,  contribute 
much  to  the  comfort  of  the  employees  and  such  tendency  invariably 
should  and  generally  does  improve  the  character  of  the  service 
rendered.  While  selfish  considerations  ought  not  to  control  in  adopt- 
ing provisions  for  betterment  along  these  lines,  a  reasonable  invest- 
ment, properly  made,  should  bring  good  returns.  Of  course  the 
nature  and  extent  of  the  welfare  features  depend  largely  upon  the 
character  of  the  work,  the  degree  of  skill  required  and  consequently 
the  class  of  people  employed,  but  everything  which  tends  towards 
better  working  conditions  raises  the  standard  of  labor,  improves  the 
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workmanship,  increases  the  efficiency  of  the  workmen  and  decreases 
the  cost  of  production. 

A  small  percentage  of  the  total  investment  can  be  spent  to  good 
advantage  in  beautifying  the  grounds  and  providing  attractive  sur- 
roundings. The  effect  of  this  will  be  felt  not  only  by  those  em- 
ployed, but,  in  connection  with  a  plant  suitably  designed,  will  serve 
as  a  good  advertisement  and  be  considered,  indicative  of  good  prod- 
ucts. 

In  conclusion  it  may  be  said  that  in  all  cases  compromises  in  the 
arrangement  and  design  of  the  buildings  for  a  site  should  be  avoided 
as  fully  as  possible.  The  designer  to  thoroughly  fulfill  his  obliga- 
tions, must  keep  in  mind  all  the  conditions  imposed  by  the  manu- 
facturing operations  :  recognize  all  building  ordinances  which  may 
pertain  to  the  undertaking ;  observe  all  reasonable  requirements  im- 
posed by  the  insurance  underwriters ;  give  consideration  to  simplicity 
and  with  keen  perception  bring  together  all  the  elements  which  con- 
tribute to  the  success  and  integrity  of  the  enterprise.  By  following 
these  methods  he  should  make  every  plant  fully  meet  the  require- 
ments and  therefore  result  in  the  highest  effiiciency  of  production. 

Note — The  plants  shown  in  this  paper,  except  Fig.  I,  Fig.  6  and  Fig.  7,  were 
designed  in  the  office  of  the  author. 

DISCUSSION 

President  Loweth  :  In  the  main  the  speaker  agrees  with  the  author 
in  the  statement  that  for  manufacturing  purposes  mill  construction  is 
generally  desirable,  and  for  storage  and  warehouse  purposes,  and 
possibly  for  light  manufacturing,  concrete  construction  is  frequently 
better  suited. 

Mr.  IV.  L.  Abbott,  m.w.s.e.  :  In  a  large  electric  light  plant  many 
of  the  features  which  Mr.  Brill  has  brought  out  for  a  factory  will 
apply  equally  well.  It  did  not  occur  to  me  until  after  I  had  begun  to 
consider  his  paper  what  analogies  there  are  between  a  properly  con- 
structed electric  light  plant  and  a  properly  constructed  factory.  I 
will  attempt  to  make  this  clear  in  a  blackboard  diagram,  using  the 
Fisk  Street  power  house  of  the  Commonwealth  Edison  Company  as 
an  illustration. 

A  diagram  of  the  Fisk  Street  power  house  is  shown  in  Fig.  19.  The 
portions  enclosed  by  ?olid  line  represent  one  bay  containing  two  units, 
each  unit  consisting  of  a  battery  of  boilers  and  a  turbo-generator. 

At  one  end  of  this  plan  is  the  train  shed,  where  coal  is  unloaded 
from  the  cars.  This  corresponds  to  the  receiving  room  of  the  fac- 
tory, where  the  raw  material  is  delivered.  From  the  train  shed  the 
coal  is  transferred  by  coal  conveyors  to  the  boiler  room  adjoining, 
which  corresponds  to  that  room  in  a  factory  where  the  first  stage  of 
manufacture  takes  place — the  foundry,  for  example.  From  the  boiler 
room  the  steam  is  conveyed  to  the  adjoining  engine  room,  where  the 
manufacture  is  completed,  and  from  the  engine  room  the  product 
moves  on  to  the  switch-house,  where  it  is  distributed  to  various  part^ 
of  the  city  over  hic,rh-tension  transmission  lines.  *This  room  very  nat- 
urally suggests  the  shipping  room  of  a  factory. 
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Fig.   16. — Togs  in  "Discussion/'   by  M.   Abbott. 

We,  therefore,  have  the  raw  material  delivered  at  one  side  of  the 
building  and  after  passing  through  emerge  as  a  finished  product  from 
the  other  side,  as  it  done  in  a  well  appointed  factory. 

This  design  for  a  power  house  permits  the  addition  of  one  bay 
after  another,  without  any  interference  with  the  operations  which  are 
going  on  in  those  portions  already  completed. 

In  regard  to  the  toilet  and  locker  facilities  which  Mr.  Brill  has  re- 
ferred to,  we  find  it  desirable  to  afford  good  conveniences  for  the 
men. — g(<>d  bath  rooms,  wash  rooms,  locker  rooms,  etc.; — not  in 
some  out  of  the  way  place  that  can  be  used  for  nothing  else,  but  in  a 
good,  airy  portion  of  the  building.  We  also  find  it  desirable  to  respect 
the  feelings  of  the  men  in  the  matter  of  cast,  by  providing  three  dif- 
ferent sets  of  locker  rooms.  For  the  coal  shovelers  and  ash  handlers, 
— men  who  are  employed  for  perhaps  only  a  day  or  two — a  place  is 
provided  under  the  boiler  room.  It  is  a  good,  clean,  comfortable 
place,  where  they  can  hang  their  coats,  leave  their  lunches,  etc.  There 
is  no  bath  room  provided,  as  they  do  not  need  it.  For  men  who  are 
employed  regularly  about  the  building,  such  as  janitors,  firemen,  etc., 
there  are  good  commodious  lockers  and  toilet  rooms  provided  above 
the  boiler  room.  For  the  aristocracy  of  the  place, — the  engineers, 
electricians  and  office  men — there  is  a  meeting  room,  lavatory  rooms, 
bath  rooms,  etc.,  provided  above  the  switch  house.  Considerable  ex- 
pense is  gone  to  in  thfe  matter  of  glazed  tile  for  inside  finish,  polished 
brass,  paint,  tile  floors,  etc.,  not  only  for  the  appearance  of  the  room 
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but  for  the  effect  it  has  upon  the  men.  A  man  working  in  a  dirty 
place  would  be  slouching  around  in  his  dirty  clothes  and  would  not 
object  to  having  his  machinery  look  dirty,  but  if  everything  around 
him  is  well  kept  and  bright,  it  has  a  beneficial  effect  upon  him  and  he 
fixes  up  accordingly.  These  things,  of  course,  all  cost  something,  but 
in  a  plant  costing  millions  of  dollars,  the  additional  expense  is  a  small 
proportion,  and  the  results  obtained  from  the  men  have  been  consid- 
ered to  fully  compensate  for  it. 

Mr.  C.  Kemble  Baldwin,  m.w.s.e.  :  I  would  like  to  know  if  the 
Underwriter  Associations  require  the  installing  of  a  sprinkled  sys- 
tem, in  foundries. 

Mr.  Brill :    They  favor  it. 

President  Lozveth :  Referring  to  the  factory  for  making  metal 
beds,  which  the  author  illustrated  and  stated  was  equipped  with  a 
sprinkler  system;  were  the  sprinklers  extended  through  all  parts  of 
the  factory  ?  In  such  rooms  where  the  metal  portions  only  of  the  beds 
were  stored,  sprinklers  would  seem  an  unnecessary  precaution. 

Mr.  Brill :  Yes,  the  factory  was  equipped  throughout  with  sprink- 
lers. Nearly  all  the  beds  are  wrapped  for  storage  and  shipment,  with 
excelsior  and  paper. 

Mr.  G.  W.  Williams:  In  this  connection  I  might  say  that  the 
Underwriter  Associations  do  not  usually  require  sprinkler  installa- 
tions, but  by  adopting  them  a  lower  rate  of  insurance  can  be  obtained 
in  any  kind  of  a  factory.  This  lower  rate  of  insurance  will  pay  a 
large  interest  on  the  investment. 

President  Loweth  :  In  manufacturing  plants  located  outside  of  the 
limits  served  by  a  city  fire  department,  it  is  necessary  not  only  to  pro- 
vide adequate  fire  protection  facilities,  but  in  addition,  a  well  trained 
and  disciplined  shop  fire  department,  to  take  care  of  and  use  such 
facilities  in  the  event  of  a  fire. 

Mr.  Baldwin  :  I  would  ask  if  anyone  here  has  had  any  experience 
in  lighting  factories  with  the  Cooper-Hewett  lamp?  I  understand 
that  in  many  cases  better  results  are  obtained  than  with  the  arc  lamp, 
— for  instance,  at  the  Oliver  Chilled  Plow  Works. 

Mr.  Brill:  Personally  I  have  not  as  yet  tried  them,  but  have  con- 
sidered them. 

President  Loweth  :  In  the  matter  of  lighting,  the  author  states  that 
satisfactory  natural  lighting  for  most  manufacturing  purposes  cannot 
be  obtained  in  a  building  exceeding  60  feet  in  width.  The  speaker's 
experience  and  observation  has  been,  that  with  properly  arranged 
window  spaces  a  wider  building  could  be  lighted  by  natural  light  sat- 
isfactorily for  most  manufacturing  work.  He  has  recently  designed 
several  shop  buildings  that  have  been  from  80  to  exceeding  100  feet 
in  width,  and  by  making  the  ceilings  high,  providing  a  large  propor- 
tion of  window  space  in  the  sides,  and  using  ribbed  glass,  very  satis- 
factory light  was  obtained.  In  foundries  and  blacksmith  shops  roof 
skylights  are  generally  so  obscured  by  dust  and  smoke  that  depend- 
ence must  be  had  on  side  lighting. 

Mr.  Brill:  The  author  thinks  that  the  total  cost,  or  cost  per  unit 
of  rloor  space,  would  have  been  no  greater  if  the  buildings  had  been 
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narrower ;  for  to  get  as  good  light  in  a  wider  building,  the  story- 
heights  must  be  increased.  If  the  materials  being  manufactured  are 
rather  coarse,  the  additional  width  might  be  necessary,  but  for  many 
purposes  where  good  light  is  essential,  about  60  feet  has  come  to 
be  recognized  as  a  practical  width:  In  the  design  of  the  concrete 
building  shown,  this  feature  was  given  exceptional  attention,  and 
while  the  story  heights  are  fair,  the  width  was  brought  down  to  52 
feet.  The  width  should  be  fixed  by  the  operations  to  be  carried  on ; 
in  fact,  ever)-  feature  of  the  plant  should  depend  on  what  is  to  take 
place  in  it,  if  it  it  to  be  for  a  fixed  purpose  and  for  a  well  established 
company.  The  first  consideration  should  be  story  heights  and  width 
of  buildings,  and  all  details  should  be  made  subservient  to  these.  If 
operations  are  such  that  width  is  desirable,  the  design  should  con- 
form to  the  requirements. 

President  Loweth :  Another  reason  might  be  added  to  those  given 
in  the  paper,  in  favor  of  separating  the  various  processes  of  manu- 
facture among  a  group  of  several  buildings,  rather  than  combining 
them  all  in  one  large  building,  and  that  is  the  isolation  of  noise.  The 
speaker  has  in  mind  a  large  locomotive  plant,  where  the  boiler,  tank 
and  machine  work  is  all  done  in  one  large,  undivided  building.  The 
noise  due  to  the  boiler  and  tank  work  appears  to  be  aggravated  in 
this  large  building,  more  so  than  in  a  smaller  one,  and  conversation 
is  almost  impossible  at  times.  He  contrasts  this  with  another  loco- 
motive plant  he  is  familiar  with,  where  the  boiler  and  tank  work  is 
in  one  shop,  and  the  machine  work  in  another,  and  believes  that  the 
separation  results  in  the  latter  work  being  more  efficiently  done. 

Mr.  Brill:  I  regret  that  I  am  not  at  liberty  to  present  a  set  of 
plans  in  preliminary  form,  of  a  group  of  buildings  upon  which  work 
has  been  suspended  on  account  of  the  present  financial  situation.  It 
is  expected  that  the  group  of  buildings  will  cover  about  28  acres. 
The  different  operations  are  provided  for  in  different  buildings, — 
forging,  foundry  and  wood  working,  assembling,  painting,  storage, 
etc.  The  proposed  scheme  is  to  locate  the  buildings  a  sufficient  dis- 
tance apart  to  provide  storage  space  for  the  different  materials.  In 
the  plant  which  this  is  to  replace,  it  has  been  estimated  that  the  ex- 
pense for  handling  materials  and  products  amounts  to  $50,000  per 
year  more  than  it  should  in  a  plant  of  suitable  design,  and  of  ample 
capacity.  The  present  plant  was  designed  for  the  same  kind  of  busi- 
ness, but  is  entirely  outgrown. 

Mr.  P.  M.  Chamberlain  :  I  would  ask  Mr.  Brill  whether  for  manu- 
facturing purposes  he  has  found  anything  better  than  direct  current 
for  transmission  of  energy  to  any  part  of  the  building. 

Mr.  Brill:  There  is  direct  current  in  none  of  the  plants  I  have 
shown  you.  It  is  my  opinion  that  alternating  current  is  more  suit- 
able, unless  there  are  a  number  of  elevators,  •  cranes,  or  other  loads 
requiring  frequent  starting  and  stopping,  when  the  direct  current 
would  be  more  desirable ;  or,  again,  where  variation  in  speed  is  essen- 
tial. But  for  general  power  purposes,  where  the  plant  is  started  in 
the  morning  and  is  run  throughout  the  day,  alternating  current  is 
more  desirable. 
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The  object  of  a  test  of  a  suction  gas  producer  is  to  determine,  more 
than  anything  else,  whether  the  producer  in  its  form  and  construction 
is  a  good  one  or  not ;  if  a  good  one,  to  determine  its  strong  points  as 
well  as  its  weak  ones ;  if  not  a  good  one,  to  determine  its  defects  in 
order  to  remedy  them.  The  object  of  the  test  may  be  to  determine  the 
capacity  of  the  producer ;  that  is,  the  number  of  cubic  feet  of  gas  of  a 
proper  heating  value  which  it  is  capable  of  producing  when  running 
under  its  normal  load.  The  object  may  be  to  determine  at  the  same 
time,  the  maximum  variations  which  occur  in  the  heating  value  of  the 
gas  during  the  operation  of  the  producer  for  any  considerable  time, 
notwithstanding  the  fact,  that  during  that  time  the  load  may  change 
suddenly  or  by  degrees  from  maximum  to  minimum,  and  notwith- 
standing the  fact,  that  the  generator  will  have  to  receive  a  certain 
amount  of  attention.  The  attention,  of  course,  being  to  supply  it  with 
coal,  to  regulate  its  water  supply,  to  remove  any  clinker  which  mav  be 
formed  and  to  clean  the  grate  of  ashes.  In  order  that  the  producer 
may  be  classified  as  first  class,  it  must  have  special  attributes, — such 
as,  reliability,  capability  of  being  quickly  started,  of  holding  fire  for 
a  suitable  length  of  time,  of  being  economical  in  fuel  consumption,  of 
not  clinkering,  of  being  of  a  suitable  construction  and  of  being  easily 
operated. 

Requirements  of  a  Producer. 

1.  Reliability.  The  producer  must  be  reliable,  which  in  many 
cases  and  for  many  purposes  is  the  chief  requisite.  Under  reliability 
may  be  included  its  ability  to  produce  gas  at  all  times  of  such  a  quality 
and  heating  value,  that  a  gas  engine  may  be  continously  operated 
from  such  gas,  developing  its  maxium  rated  power  for  any  length  of 
time.  Fortunately,  good  producers  have  this  property.  It  should  be 
able  to  make  gas  of  such  a  quality  that  the  gas  engine  may  operate  for 
a  considerable  period  of  time  on  light  loads.  Fortunately,  manv 
good  producers  will  fill  this  requirement,  but  unfortunately,  pro- 
duces good  in  all  other  requirements  will  not  operate  on  a  very  light 
load,  or  when  the  engine  is  running,  but  not  developing  power. 

2.  Quickly  Started.  A  producer  must  be  quickly  and  easily  put  in 
operation.  This  is  not  a  special  attribute  in  all  installations,  but  is 
necessary  where  the  producer  is  installed  in  factories  but  not  neces- 
sarily so  where  the  installation  is  made  for  a  person  using  his  producer 
in  a  black-smith  shop  for  instance,  or  where  it  is  not  imperative  that 
the  power  be  on,  at  a  fixed  and  stated  time.  A  good  producer  should 
be  making  gas  of  sufficient  heating  value  to  start  an  engine  on,  in 
twenty  minutes. 
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3.  Hold  Fire.  A  producer  must  be  able  to  hold  fire  from  12  to  36 
hours  or  longer  and  started  quickly.  This  attribute  may  be  a  sub- 
division of  the  first,  but  not  necessarily.  For  factory  work,  this  is 
necessary,  but  the  limit  may  be  14  hours,  unless  the  producer  is  not 
cleaned  out  every  Sunday ;  for  intermittent  operation,  this  is  impera- 
tive. In  such  a  case,  one  wants  a  producer  that  may  be  left  standing 
for  two  or  three  days  and  can  then  be  started  up  in  a  reasonable  time 
with  a  small  stand-by  loss  of  fuel.  This  ability  on  the  part  of  a  pro- 
ducer is  one  of  its  best  qualifications,  giving  it  a  great  advantage  over 
a  steam  plant  and  placing  it  next  to  the  gasoline  engine,  natural  gas 
or  city  gas  engine  as  a  quick  starter. 

4.  Economical.  A  producer  should  be  economical  of  fuel.  It  is 
not  necessary  in  all  installations  that  the  highest  economy  of  fuel  be 
maintained..  There  must  be  sufficient  economy,  however,  to  warrant 
the  displacement  of  a  gasoline  engine  by  a  producer  installation  so 
that  the  increased  cost  of  operation,  the  interest,  depreciation  and  re- 
pairs on  the  more  expensive  producer  installation  over  the  gasoline 
installation,  with  its  higher  fuel  costs,  will  be  covered. 

5.  Not  Clinker.  A  good  producer  should  not  clinker.  In  the 
practical  operation  of  a  producer,  there  is  no  one  thing  that  gives 
more  trouble  than  the  formation  of  clinker  in  the  generator, — either 
as  a  clinker  that  attaches  itself  to  the  walls  of  the  generator,  or  one 
that  forms  an  arch  from  wall  to  wall.  All  coals  contain  impurities 
and  in  the  producer  these  impurities  are  fused  at  high  temperatures 
and  form  clinkers.  The  effect  of  a  clinker  on  the  side  walls  is  most 
disastrous,  as  it  adheres  to  the  walls  and  when  broken  off  usually 
brings  a  portion  of  the  brick  lining  with  it,  thus  destroying  the  lining 
in  a  short  time.  The  clinker  there  formed  allows  the  formation  of 
larger  cavities  for  the  passage  of  the  entering  air  and  makes  the  re- 
sistance at  that  point  less  than  at  the  center  of  the  fuel  column.  The 
combustion  is  consequently  near  the  walls  and  so  further  clinker  is 
formed  by  the  high  temperatures.  Wall  clinkers  and  arch  clinkers 
are  a  cause  of  the  fire  creeping  up  in  the  fuel  column,  thereby  decreas- 
ing the  hot  vertical  bed  of  fuel  through  which  the  non-combustible 
carbon  dioxide  gas  is  reduced  to  the  valuable  combustible  carbon 
monoxide  gas.  The  reduction  of  the  temperature  of  the  fuel  column 
where  the.oxygen  is  combined  with  the  carbon  of  the  coal  is  necessary 
in  order  to  prevent  the  formation  of  clinker.  This  reduction  of  tem- 
perature is  made  by  the  introduction  with  the  entering  air  of  water 
in  the  form  of  steam.  At  temperatures  of  about  1700  deg.  Fahr.,  the 
steam  is  broken  up  into  its  two  constituent  parts, — hydrogen  and 
oxygen.  The  hydrogen  passes  up  through  the  hot  fuel  bed  as  a  valu- 
able combustible  gas,  while  the  oxygen  unites  with  the  carbon  of  the 
fuel.  Up  to  a  proper  limit  the  more  steam  supplied,  the  less  clinker 
is  formed  and  the  better  the  heat  value  of  the  gas,  since  there  is  a 
smaller  per  cent  of  diluent  nitrogen  in  the  gas.  To  have  a  good  gas, 
however,  it  is  necessary  and  essential  that  at  all  times  there  is  a  suf- 
ficient depth  to  the  fuel  column  in  order  that  the  previously  formed 
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non-combustible  carbon  dioxide  gas  be  reduced  to  the  valuable  com- 
butsible,  carbon  monoxide  gas. 

6.  Suitable  Construction.  A  good  producer  must  be  well  con- 
structed. Theoretically  the  formation  of  a  producer  gas  by  drawing 
or  forcing  air  containing  a  certain  per  cent  of  moisture  through  a  deep 
fuel  column  is  a  very  simple  process ;  practically  there  are  a  great 
many  difficulties  to  be  encountered.  Too  little  moisture  causes  the 
formation  of  bad  clinkers  ;  too  much  steam  reduces  the  temperature  so 
much  that  the  gas  is  bad.  One  of  the  most  troublesome  things  to  con- 
tend with,  however,  is  an  air  leak.  An  air  leak  in  the  bottom  of  the 
generator  proper,  gives  bad  results,  in  that  the  air  passing  through 
the  opening  contains  only  a  small  weight  of  moisture  and  conse- 
quently reduces  the  supply  of  moisture  to  the  producer.  At  the  bot- 
tom of  the  fuel  column,  the  suction  should  be  slight  so  that  a  slight 
leak  will  give  little  trouble.  Leaks  through  the  brick  lining  give  a 
great  deal  of  trouble  as  the  air  usually  passes  through  the  wall  at 
the  bottom  and  out  near  the  top,  since  the  resistence  is  less  bv  this 
passage  than  through  the  fuel  bed.  The  result  is  that  the  good 
gas  already  formed  may  be  consumed  where  the  leak  occurs.  Leaks 
from  the  top  of  the  producer  itself  are  liable  to  be  the  hard  ones  to 
contend  with.  At  this  point  the  suction  mav  be  considerable  and 
the  gas  is  usually  of  such  high  temperature,  that  it  will  burn  when 
oxygen  is  supplied  to  it.  A  leak  in  any  portion  of  the  apparatus 
after  the  gas  has  been  cooled  below  its  ignition  point  is  not  essentially 
objectionable  because  the  gas  will  not  be  consumed ;  the  added  air 
will,  of  course,  increase  the  suction  at  the  engine  and  will  require 
a  less  quantity  of  air  for  a  proper  mixture  at  the  engine.  On  ac- 
count of  the  great  variation  of  temperatures  in  certain  parts  of  a 
producer,  there  is  a  liability  for  a  leak  to  open  up  at  anv  time.  The 
construction  of  a  producer  should  then,  be  such  as  to  insure  against 
leaks  in  the  first  place,  and  the  assembling  should  be  such  that  everv 
part  may  be  easy  of  access  for  inspection  and  of  being  made  air  tight. 
For  this  reason  the  application  of  any  insulating  material  should 
be  made  to  the  inside  rather  than  to  the  outside  of  a  producer. 

Mewed  from  a  commercial  side,  the  construction  should  be  as 
simple  as  possible  to  reduce  actual  cost  of  construction  and  all  novel 
designs  which  mipiit  add  to  the  efficiency  of  the  producer,  thermodyna- 
mically  considered,  must  be  rejected  from  a  commercial  standpoint 
in  favor  of  a  less  expensive  construction  that  mav  serve  the  pur- 
pose, even  though  less  efficient.  Viewed  in  this  light,  one  will 
reject  devices  on  a  small  sized-  producer  that  he  will  install  on  one 
of  a  large  size,  on  account  of  the  varying  ratio  of  cost  of  the 
"economical  piece  of  apparatus"  to  the  total  cost  of  construction. 

7.  Easily  Operated.  A  good  producer  must  be  easily  operated 
On  account  of  the  many  variable  quantities  influencing  the  opera- 
tion of  a  producer,  it  is  impossible  to  make  it  automatic  in  its  opera- 
tion. 

Any  automatic  device  which  is  operated  bv  a  variable  condition 
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produced  in  the  generator  under  variable  external  conditions  is 
not  sure  to  be  reliable  and  operative  day  after  day  and  week  after 
week ;  in  fact,  it  may  be  inoperative  from  hour  to  hour.  There  are. 
however,  rather  uniform  conditions  upon  the  whole,  so  that  even 
a  comparatively  inexperienced  man  may  soon  learn  to  judge  a  pro- 
ducer and  get  good  results  in  operating  it.  He  must  discriminate 
however,  in  the  operation  of  a  producer  when  the  fire  is  fresh  and 
after  the  generator  has  been  cleaned,  from  when  the  fire  has  been 
in  operation  several  days,  and  when  clinkers  have  been  formed  on 
the  walls,  thereby  decreasing  the  sectional  area  of  the  generator 
at  this  point  and  consequently  decreasing  its  capacity. 

The  things  most  necessary  for  the  easy  operation  of  a  producer 
are  a  suitable  magazine  in  which  a  sufficient  amount  of  coal  may 
be  stored  to  give  a  fuel  supply  for  several  hours,  a  suitable  and 
proper  vaporizer  to  insure  the  supply  of  the  maximum  amount  of 
steam  necessary  for  the  producer,  and  opportunities  to  clean  the 
fire  properly,  whether  that  be  the  breaking  down  of  the  clinker  or 
the  cleaning  out  the  ashes. 

Description  of  Producer. 

A  producer  consists  of  three  necessary  and  essential  parts : — 
the  generator  in  which  the  fuel  is  burned  and  gasified,  the  scrubber 
in  which  the  gas  is  cleaned  of  its  impurities  and  at  the  same  time 
has  its  temperature  and  volume  reduced,  and  a  vaporizer  or  econo- 
mizer which  mixes  the  air  supply  going  to  the  fuel  bed  with  the 
proper  amount  of  steam. 

The  Atkinson  Automatic  Suction  Gas  Producer  consists  of  three 
distinct  pieces  of  apparatus  for  the  generation  of  producer  gas  from 
anthracite  coal,  coke,  or  charcoal,  suitable  for  the  economic  opera- 
tion of  gas  engine  or  for  certain  industrial  processes  where  higfh 
heats  are  not  necessary.  Fig  I  is  from  an  elevation  outline  of  a 
15  horse  power  installation  of  the  above  mentioned  type  of  pro- 
ducer, in  which  A  is  the  generator,  B  the  vaporizer,  and  C  the  scrub- 
ber. 

Generator.  The  generator  consists  of  two  cylindrical  shells,  one 
telescoped  within  the  other ;  the  outer  shell  is  2jy2  in.  in  external 
diameter  and  36  in.  high,  it  has  a  closed  base  or  lower  end ;  the 
inner  shell  is  22  in.  internal  diameter  and  35^2  in.  high,  a  suitable 
head  is  bolted  to  the  top  of  this  shell  and  a  lip  is  cast  on  its  lower 
end.  The  shells  are  of  cast  iron  and  each  is  ^  in.  thick.  The 
inner  surface  of  the  outer  shell  and  the  outer  surface  of  the  inner  . 
shell  have  continuous  circular  suspension  rings  extending  toward 
each  other  with  properly  inclined  surfaces  so  that  the  inner  shell 
extends  only  within  Q  in.  of  the  bottom  of  the  outer  shell. 

A  flange  like  projection  on  the  outside  of  the  inner  shell,  Q  in. 
from  its  top  keeps  the  shell  in  a  vertical  position  and  encloses  an 
annular  space  about  the  generator.  The  above  mentioned  joints 
are  made  sufficiently  tight  by  means  of  a  rust  joint.     In  Fig.  2  is 
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shown  an  elevation  drawing  of  the  generator  and  scrubber  and  the 
connections  between  the  same ;  the  generator  is  in  half  section  and  the 
vaporizer  in  complete  section.  There  is  a  circular  cast  iron  ring 
resting  on  the  lip  at  the  lower  end  of  the  inner  shell  which  carries 
the  brick  lining  of  the  generator.  The  inner  diameter  of  this  ring 
is  8  in.  The  lower  circle  of  brick  is  6  in.  high  and  is  specially  made 
so  that  it  slopes  back  3  in.  in  a  rise  of  6  in.,  thereby  giving  a  diame- 
ter at  the  base  of  14  in.,  and  an  area  of  the  fuel  column  of  1.07 


Fig.  1 


sq.  ft.  On  top  of  this  special  brick  ring  there  are  four  courses  of 
circular  bricks  334  in.  thick  and  7  in.  high,  extending  to  the  top 
of  the  inner  shell.  The  space  between  the  inner  shell  and  the  brick 
lining  of  ^4  in.  is  filled  with  sand.  The  bricks  are  set  in  a  verv 
thin  mortar  and  ground  to  a  joint  by  rubbing  one  over  the  other. 

There  is  no  grate  in  this  producer  and  the  fuel  column  rests 
on  a  base  of  cement  5  in.  thick  in  the  bottom  of  the  outer  shell  and 
extending  to  within  3%  in.  of  the  supporting  ring. 

There  are  two  doors  to  the  outer  shell,  one  opposite  the  other. 
so  that  one  can  get  at  the  base  of  the  fuel  column  to  hook  out  the 
ashes  or  clinker  that  has  formed.  The  doors  are  dropped  into 
place  and  are  wedged  tight  by  projecting  arms  with  beveled  sur- 
faces to  fit  corresponding  surfaces  on  the  doors.  The  construction 
is  very  simple,  the  friction  of  the  metals  holding  the  machined 
surface  of  the  door  tightly  against  the  machined  surface  on  the 
generator,    thereby   preventing   a    leak    of   air   to   the    base    of   the 
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generator.     A  slight  tap  or  blow  on  the  lower  edge  of  the   door 
serves  to  loosen  it. 

The  head  of  the  outer  shell  has  cast  on  it  a  ring  9  in.  in  diameter 
and  extending  downward  12  in.,  which  serves  to  form  a  magazine 
chamber  for  the  storage  of  fresh  fuel  within  the  generator.  As 
fast  as  the  old  fuel  is  consumed  the  fresh  fuel  is  lowered  into  the 


WATER 
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Fig.  2 


generator.  It  is  25  in.  from  the  bottom  of  this  magazine  to  the 
bottom  of  the  brick  lining;  this  height  is  that  of  the  fuel  column 
in  which  gas  is  formed.  There  is  about  2  cu.  ft.  of  fuel  in  the 
generator  furnace.  The  volume  of  the  magazine  is  0.4  cu.  ft. : 
the  magazine  will  hold  enough  coal  to  maintain  a  constant  depth 
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of  the  fuel  bed  for  one  hour  at  full  load  or  an  hour  and  a  half 
at  light  load,  corresponding  to  a  drop  of  5  in.  in  the  fuel  column. 
If  the  magazine  is  not  filled  at  intervals  of  an  hour,  there  is  liable 
to  be  a  variation  in  the  depth  of  the  fuel  column. 

Bolted  to  the  head  of  the  inner  shell  is  a  coal  hopper.  It  con- 
sists of  a  hollow,  slightly  tapering,  cylinder  9  in.  in  diameter  and 
10  in.  long,  fitted  into  a  proper  frame.  There  is  an  opening  6  in. 
wide  by  7  in.  long  on  the  side  of  the  cylinder.  When  the  opening 
is  turned  up  the  cylinder  may  be  filled  with  coal ;  by  operating  a 
lever  the  cylinder  is  given  a  half  revolution  and  the  coal  is  dumped 
into  the  magazine.  The  construction  is  such  that  there  is  no  possi- 
ble free  opening  from  the  air  into  the  generator,  consequentlv  no 
chance  for  an  explosion  or  the  consumption  of  the  gas  in  the  top 
of  the  generator. 

There  are  three  poke  holes  in  the  head  of  the  generator  directlv 
over  the  inner  edge  of  the  fire  brick  lining.  Thev  are  used  when 
it  is  necessary  to  bar  down  the  fire,  either  morning  or  at  night  as  the 
custom  may  be,  and  enable  one  to  clean  any  clinker  from  the  lining 
of  the  generator. 


Fig.  3. 


In  Fig.  3  is  a  plan  view  of  the  generator,  vaporizer  and  scrubber 
and  shows  the  position  of  the  poke  holes  in  the  head  of  the  generator. 

There  are  12  half  inch  holes  in  the  outer  shell  of  the  generator 
on  the  same  level  and  just  above  the  suspension  ring,  for  air  ad- 
mission to  the  annular  chamber.  A  suitable  hand  blower  is  con- 
nected to  the  base  of  the  generator  in  order  to  freshen  up  the 
fire  so  as  to  make  suitable  gas  for  starting  the  gas  engine  each 
morning. 

Vaporiser.  The  vaporizer  is  shown  in  section  in  Fig.  2  attached 
to  the  side  of  the  generator.  It  consists  of  two  distinct  pieces  of 
cast  iron.  The  shell  is  9  in.  in  external  diameter,  23  in.  long  and 
J/2  in.  thick  and  is  connected  by  cast  flanges  to  the  generator.  One 
connection  leads  to  the  base  of  the  fuel  column  below  the  support- 
ing ring  and  the  other  to  the  top  of  the  annular  chamber  above  the 
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ring.  The  inner  piece  is  3^2  in.  internal  diameter,  it  extends  24 
in.  below  the  bottom  of  the  outer  shell  of  the  vaporizer  and  is  con- 
nected at  its  upper  end  to  the  gas  outlet  in  the-  side,  and  near  the 
top  of  the  generator.  The  lower  end  of  the  inner  portion  extends 
below  the  surface  of  the  water  in  the  water  seal  pot.  just  above 
the  seal,  connections  are  ma.de  for  the  gas  to  pass  either  to  the 
scrubber  or  to  the  purge  pipe  through  a  standard  three-way  cock. 

The  inner  pipe  has  four'  interior  ribs  cast  longitudinally  ex- 
tending along  that  portion  which  is  contained  within  the  outer  shell ; 
on  its  outer  surface  it  has  two  rings  that  form  the  upper  and 
lower  heads  of  the  outer  shell,  and  between  the  two  rings  there  is 
a  series  of  22  lugs.  Each  lug  extends  half  way  around  the  pipe 
and  every  other  one  fits  closely  to  the  side  of  the  outer  shell.  The 
lugs  serve  as  plates  from  which  the  water  for  the  generator  drips 
and  is  taken  up  by  the  air  passing  from  side  to  side  of  the  vaporizer 
as  it  is  baffled  on  its  travel  through  the  vaporizer. 

There  is  a  water  regulator  connected  to  the  outer  portion  of  the 
vaporizer,  as  shown  in  Fig.  2.  and  in  Fig.  3.     The  regulator  itself 


TlG.^. 


is  shown  more  in  detail  in  Fig.  4.  It  consists  of  two  portions ;  the 
cast  iron  box,  a,  for  maintaining  a  constant  head  of  water,  and  the 
glass  chamber,  b,  into  which  water  is  discharged  from  the  box.  a. 
whenever  a  slight  vacuum  is  in  the  chamber,  b.  Water  is  admitted 
to  one  portion  of  the  box  through  the  valve  c,  and  the  quantity  not 
needed  runs  over  the  interior  partition  and  is  discharged  through 
the  pipe,  d.  The  chamber,  b,  consists  of  a  glass  cylinder  3  in.  in 
diameter  and  3  in.  high,  with  air  tight  ends.  There  are  two  con- 
nections leading  from  its  lower  end, — one  to  the  vaporizer  and  one 
to  the  box,  a.     There  is  a  short  thimble  in  the  chamber  connected 
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to  the  latter  connection.  Whenever  a  slight  vacuum  is  produced 
in  the  chamber,  water  rushes  through  a  small  hole  in  the  top  of  the 
thimble.  The  water  so  discharged  is  proportional  to  the  frequency 
and  the  force  of  the  vacuum.  A  shutter  between  the  generator 
and  upper  vaporizer  connection  is  adjusted  to  regulate  the  vacuum 
on  the  vaporizer. 
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Fig.  5. 
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Scrubber.  The  scrubber  is  shown  in  elevation  and  in  plan  bv 
Fig.  5.  It  consists  of  a  3/16  in.  plate  iron  shell  20  in.  in  internal 
diameter  and  60  in.  high.  The  lower  head  is  riveted  in,  but  the 
upper  head   is   bolted   to   an   angle-iron   which   is   bent  around   and 
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riveted  to  the  top  edge  of  the  shell.  An  angle-iron  is  bent  about 
the  interior  of  the  shell  and  riveted  10  in.  from  the  bottom  of  the 
scrubber.  On  top  of  this  angle-iron  a  frame-work  of  wood  is 
placed  to  hold  up  the  coke  filling  of  the  scrubber. 

A  door  6  by  10  in.  is  placed  15^2  in.  from  the  bottom  of  the 
scrubber  to  allow  of  easy  removal,  when  necessary,  of  the  coke 
which  fills  the  scrubber  to  within  10  in.  of  the  top. 

Water  for  cooling  and  cleaning  the  gas  is  put  into  the  top  of  the 
scrubber  through  a  water  seal  made  of  pipe  connections ;  it  is  dis- 
charged through  two  horizontal  arms  having  small  openings  in  the 
same.  The  arms  revolve  on  the  principle  of  "Barker's"  Mill  and 
the  coke  is  thereby  sprayed  uniformly  with  fine  streams  of  water. 
An  arm,  fastened  to  the  inner  side  of  the  shell,  holds  the  revolving 
arms  in  place.  A  baffle  plate  16  in.  in  diameter  fastened  I  in.  from 
the  head  of  the  scrubber,  prevents  the  gas  from  carrying  away  any 
great  quantity  of  water  in  a  body.  Gas  enters  the  base  of  the 
scrubber  through  a  2^2  in.  connection  and  leaves  the  top  through 
another  of  the  same  size.  There  is  a  1^2  in.  pipe  connection  in  the 
bottom  of  the  scrubber,  leading  to  the  water  seal  pot,  through  which 
the  cooling  water  is  discharged. 

Engine.  The  gas  engine  is  of  the  horizontal  four  cycle  type 
with  a  "hit  and  miss"  governor.  It  is  8^4  in.  in  diameter  of  cylinder 
and  16  in.  stroke,  running  at  230  r.p.m.  The  engine  is  designed  to 
operate  on  producer  gas  and  has  a  pressure  of  compression  of  180 
pounds,  with  a  piston  speed  of  615  ft.  per  min.  In  order  to  develop 
16  horse  power  at  full  load  it  is  necessary  to  have  a  mean  effective 
pressure  of  76  pounds,  considering  a  mechanical  efficiency  of  80 
per  cent.  The  valves  are  mechanically  operated  and  an  auxiliary 
cam  is  provided  to  hold  open  the  exhaust  on  starting,  so  that  the 
compression  pressure  may  be  reduced.  A  "make  and  break"  sys- 
tem of  ignition  is  used. 

Operation  of  the  Producer. 

Fuel.  The  coal  is  put  into  the  hopper.  D,  on  top  of  the  generator, 
A,  shown  in  Fig.  2.  This  hopper  and  the  cylinder  holds  about  two 
buckets  of  coal.  The  handle  of  the  cylinder  is  turned  a  half  revo- 
lution and  the  coal  drops  into  the  magazine,  E,  and  then  sinks 
gradually  into  the  combustion  chamber  of  the  generator  as  the 
coal  therein  is  gradually  consumed,  or  sinks  more  rapidly  if  the 
fuel  column  i^  lowered  by  raking  out  the  ashes  from  the  base  of 
the  same. 

Ashes.  The  ashes  are  removed  once  a  day  through  the  ash 
doors,  F.  The  coal  is  not  wholly  gasified  and  a  certain  per  cent 
runs  through  the  fire  when  the  latter  is  poked ;  this  unburned  coal 
is  considered  the  same  as  ash  and  is  removed  with  the  ashes. 

Water.  The  water  for  the  vaporizer  is  supplied  through  the 
regulator  as  shown  in  Fig.  4,  and  has  been  described.  The  water 
for  the  scrubber  is  taken  in  through  the  goose  neck  as  shown  in 


MacFarland — Test  of  Gas  Producer.  183 

Fig.  3,  passes  through  the  revolving  arms  and  drips  down  over 
the  coke  in  the  interior  of  the  scrubber.  The  water  is  drained  from 
the  bottom  of  the  scrubber  through  a  i~/2  in.  pipe  which  leads  into 
the  seal-pot,  G.  shown  in  Fig.  2.  From  this  seal-pot  the  water 
overflows  to  the  sewer. 

Air.  The  air  enters  the  generator  shell  above  the  suspension  ring 
through  the  half  inch  holes,  H,  and  leaves  through  the  2  in.  con- 
nection, I,  to  enter  the  top  and  upper  portion  of  the  vaporizer ;  the 
air  passes  from  side  to  side  as  it  is  baffled  by  the  plate  rings  in  the 
vaporizer  and  leaves  the  bottom  of  the  same  to  pass  through  a 
1  in.  connection  to  the  base  of  the  generator  and  to  the  foot  of 
the  fuel  column. 

Gas.  The  gas  produced  leaves  the  annular  chamber,  K,  about 
the  magazine,  through  the  connection,  L,  to  pass  to  the  interior  of 
the  vaporizer,  M,  thence  through  the  connection,  N ,  at  the  base 
of  the  vaporizer  through  a  three  way  cock  to  the  bottom  of  the 
scrubber,  J,  shown  in  Fig.  3.  It  then  passes  up  through  the  wet 
coke  and  leaves  the  top  of  the  scrubber  to  pass  to  the  engine. 

Automatic  Gas  Making.  On  the  suction  stroke  of  the  engine, 
there  is  a  slight  vacuum  made  in  the  various  pieces  of  apparatus 
forming  the  producer.  The  effect  of  this  vacuum  is  to  automatically 
generate  gas  as  it  is  needed  by  the  engine.  Air  is  drawn  in  through 
the  holes,  H,  Fig.  2,  in  the  shell  of  the  generator  where  it  is  heated 
from  room  temperature  to  more  than  300  deg.  Fahr.  It  leaves  the  shell 
through  the  connection,  /,  in  which  there  is  an  air  inlet  regulator 
controlling  the  vacuum  on  the  water  regulator.  The  heated  air 
enters  the  top  and  outer  portion  of  the  vaporizer  and  meets  a  small 
stream  of  water  which  comes  from  the  water  regulator.  This  water 
is  quickly  vaporized  and  taken  up  by  the  heated  air.  The  evapora- 
tion of  the  water  reduces  the  temperature  of  the  resulting  mixture. 
In  passing  down  through  the  vaporizer  the  mixture  of  air  and 
water  vapor  is  heated  up  because  of  the  heat  transmitted  from  the 
hot  gases  in  the  central  portion  of  the  vaporizer  to  the  cooler  air  on 
the  outer  side. 

The  temperature  of  the  air  as  it  leaves  the  vaporizer  and  enters 
the  base  of  the  generator  is  usually  less  than  that  at  which  it 
entered  the  vaporizer,  notwithstanding  the  fact  that  considerable 
heat  has  been  transmitted  to  it  in  its  passage  through  the  vapor- 
izer. 

The  air  and  steam  in  passing  from  the  foot  of  the  fuel  column 
enter  into  chemical  combination  with  the  fuel.  The  oxygen  of  the 
air  in  combination  with  the  carbon  of  the  coal  forms  carbon  dioxide 
gas  and  liberates'a  quantity  of  heat.  The  high  heat  in  the  combustion 
zone  decomposes  the  superheated  steam  entering  with  the  air  into 
its  two  component  gases, — hydrogen  and  oxygen:  The  decomposi- 
tion of  the  steam  absorbs  heat  and  thereby  tends  to  reduce  the 
temperature  of  the  combustion  zone.  The  hydrogen  suffers  no 
further  chemical  change,  but  the  liberated  oxygen  unites  with  the 
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carbon  of  the  fuel  and  causes  the  formation  of  more  carbon  dioxide 
gas. 

The  carbon  dioxide  gas  formed,  passes  from  the  combustion 
zone  of  the  generator,  together  with  the  free  hydrogen  and  the 
diluent  nitrogen,  through  a  considerable  depth  of  heated  coal.  The 
temperature  is  sufficient  that  a  chemical  change  takes  place  be- 
tween the  carbon  of  the  fuel  and  the  carbon  dioxide, — the  latter 
being  reduced  to  carbon  monoxide.  The  resulting  combination  of 
gases  is  known  as  producer  gas.  It  contains  a  small  per  cent  of 
the  volatile  gases  in  the  fuel  which  are  distilled  from  the  magazine 
coal. 

The  hot  producer  gas  enters  the  top  of  the  vaporizer,  is  reduced 
in  temperature  as  it  passes  through  the  same,  and  is  further  cooled 
and  scrubbed  of  particles  of  dust  and  ashes  as  it  passes  through 
the  wet  coke  in  the  scrubber  on  its  way  to  the  engine. 

Gas  for  Starting  Up.  Gas  making  is  a  little  different  from  the 
automatic  process  when  starting  up  the  engine.  The  air  regula- 
tor slide,  /,  is  closed  and  a  hand  blower,  shown  to  the  left  in  Fig. 
2.  is  operated.  Air  is  blown  into  the  base  of  the  fuel  column  and 
as  it  contains  no  moisture  it  serves  to  increase  the  temperature  of 
the  combustion  chamber  very  quickly.  Instead  of  using  a  hand 
blower  compressed  air  may  be  used  more  conveniently.  The  gas 
first  formed  is  of  a  very  low  heating  value  and  is  allowed  to  pass 
through  the  purge  pipe  until  it  has  increased  to  such  a  heating  value 
that  the  engine  will  start  on  it.  As  soon  as  the  engine  will  start  the 
compressed  air  is  turned  off  the  air  regulator  opened  and  the  auto- 
matic generation  of  gas  begins. 

Object  of  Test. 

The  object  of  this  test  was  to  determine  the  efficiency  of  the  in- 
stallation on  full  load  for  a  considerable  length  of  time,  to  determine 
the  full  consumption  for  variable  loads,  to  determine  its  adaptability 
to  varying  loads,  and  its  reliability  under  all  these  conditions. 

Location. 

The  plant  is  installed  at  the  Wheel  House  of  the  Weber  Wagon 
Works,  8oth  St.  and  Wallace  Ave.,  Chicago,  where  it  has  been  in 
operation  for  more  than  a  year,  furnishing  power  to  the  line  shaft. 

Preparation  for  the  Test. 

The  writer  visited  the  Weber  Wagon  Works  a  few  days  before 
conducting  the  test  and  made  such  arrangements  fpr  such  prepara- 
tion as  he  deemed  advisable  in  order  to  conduct  the  test,  and  obtain 
therefrom  such  sufficient  and  reliable  data  as  would  be  valuable 
to  him  in  making  a  report  on  the  installation.  Means  were  taken 
to  provide  for  the  measurement  of  the  fuel  used,  the  ashes  re- 
moved, the  temperature  of  the  air  at  various  places,  the  tempera- 
ture of  the  gas  generated,  the  suction  in  various  portions  of  the 
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producer,  the  quantity  of  the  water  supplied  both  to  the  regulator 
and  to  the  scrubber,  and  of  the  power  developed  by  the  engine ; 
as  well  as  to  provide  for  the  analysis  of  the  fuel  used  and  the  gas 
made. 

Temperature  Measurements. 

Suitably  constructed  thermometer  cups  were  placed  in  various 
portions  of  the  apparatus  to  measure  temperatures.  Carefullv  cali- 
brated thermometers  were  placed  in  these  cups  which  were  kept 
filled  with  oil  at  all  times. 

The  temperature  of  the  leaving  gas  from  the  generator  was  made 
by  a  Bristol  Electric  Pyrometer,  the  element  of  which  was  placed 
in  the  top  of  the  generator  through  one  of  the  plugs,  filling  the 
poke  hole  of  said  generator. 

Water  Measurements. 

An  "Empire"  ;M?  in.  water  meter  was  placed  in  the  water  line 
to  the  scrubber  to  measure  the  water  used  for  scrubbing  and  cool- 
ing purposes.  A  careful  calibration  of  the  meter  showed  that  its 
readings  were  extremely  accurate.  The  water  used  by  the  water 
regulator  was  found  by  difference.  The  water  overflowing  from 
the  regulator  was  caught  and  returned  to  the  source  of  supply  to 
the  regulator.  The  amount  of  make  up  water  supplied  at  a  certain 
time  gave  the  quantity  used. 

Pressure  Measurements. 

The  atmospheric  pressure  was  taken  by  a  barometer.  The  suction 
in  inches  of  water  in  the  various  pieces  of  apparatus  was  obtained 
by  inserting  J4  'n-  Pet  cocks  at  the  various  points  and  connecting  to 
U  tubes. 

Fuel  Measurements. 

The  fuel  as  used  was  taken  from  a  regular  fuel  bin  and  weighed 
on  a  pair  of  small  accurate  scales. 

Power  Measurements. 

The  power  was  absorbed  by  a  form  of  prony  brake.  The  belt 
connected  to  the  line  shaft  was  removed  and  a  water  cooled  pullev 
was  belted  to  one  of  the  fly-wheels  of  the  engine ;  a  brake  strap 
was  applied  to  this  pulley  and  a  wooden  strut  transmitted  the  pres- 
sure to  platform  scales. 

Gas  Analysis. 

A  small  house  was  erected  near  the  engine  in  which  the  anal- 
ysis of  the  gas  was  made :  by  so  doing  the  gas  analysis  apparatus 
was  not  subjected  to  changes  in  temperature  or  air  currents.  The 
gas  for  analysis  was  taken  through  a  pet-^ock  in  the  gas  pipe  near 
the  engine. 

Arrangement  for  Conducting  Test. 

It  was  first  of  all  arranged  to  weigh  the  coal  as  often  as  the  same 
was  supplied  to  the  hopper  and  to  supply  coal  at  2^  hour  intervals 
or  sooner  if  necessary.    The  ashes  accumulating  during  the  day  were 


186  MacFarland — Test  of  Gas  Producer. 

to  be  weighed  and  at  the  end  of  the  test  a  sample  of  the  accumulated 
ashes  was  to  be  taken  for  analysis  also  a  sample  of  the  coal  from 
the  bin  to  the  analyzed.  The  full  load  test  runs  were  to  be  of  ten 
hours  duration  and  to  continue  for  two  days ;  the  other  runs  were 
to  be  for  eight  hours.  The  results  were  to  -be  given  on  a  test  run 
basis  and  on  a  24  hour  day  basis. 

Description  of  Test. 

Preliminary,  May  iyth.  The  producer  in  question  had  been  oper- 
ating for  a  considerable  period  in  furnishing  power  to  the  line  shaft 
at  the  Wheel  House,  but  was  shut  down  at  the  suggestion  of  the 
writer  on  May  16th.  On  the  afternoon  of  May  17th,  the  generator 
was  carefully  cleaned  of  coal  and  ash  and  the  clinkers  removed  from 
the  side  of  the  same,  as  far  as  possible.  The  generator,  as  ready 
for  the  test,  was  in  a  fairly  good  condition,  and  no  exception  was 
taken  to  its  condition. 

The  engine  was  next  overhauled,  the  valves  of  the  same  were 
removed,  and  found  to  be  in  most  excellent  shape,  although  they 
were  re-ground  in  order  to  put  them  in  first  class  condition.  No 
examination  was  made  on  the  scrubber  as  it  was  believed  to  be  in 
good  condition. 

A  fire  was  built  in  the  generator  on  the  afternoon  of  May  17th, 
and  the  producer  was  in  suitable  condition  for  operation. 

Preliminary  Test,  May  18th.  The  producer  was  blown  up  until 
the  gas  was  good  and  the  test  was  therefore  started  at  7  :oo  a.  m. 
with  the  engine  under  load.  After  running  for  a  few  minutes,  how- 
ever, the  engine  stopped,  and  it  was  found  that  the  point  of  ignition 
was  wrong ;  the  engine  was  firing  too  late  to  carry  full  load.  Con- 
siderable time  was  spent  in  making  the  adjustment  and  it  was  1  ".30 
p.  m.  before  a  second  attempt  to  start  was  made.  There  seemed  to  be 
a  considerable  amount  of  internal  friction,  which,  at  the  time,  was 
not  accounted  for,  and  so  the  load  was  thrown  off  and  the  engine 
was  run  light  for  ij^  hours;  and  the  producer  seemed  to  meet  most 
satisfactorily  this  light  load  test,  although  it  is  one  of  the  severe 
tests  which  may  be  put  upon  a  producer  plant.  During  this  period 
of  time  a  sample  of  the  gas  was  taken  and  analyzed  as  follows: 

CO2 ' 7.0% 

C2H4 

O2 0.2 

H2 1.6 

CO   22.0 

CH4 0.0 

N2 , 69.2 

Total 100.0% 

B.t.u.  per  cu.  ft.  76.6 
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At  1 130  p.  m.  a  load  of  190  pounds  was  placed  on  the  brake  ami 
and  the  test  was  started  anew.  The  engine  continued  to  run  for 
a  period  of  il/2  hours  under  this  load,  when  it  was  noted  that  the 
main  boxes  were  getting  hot  and  the  test  was  stopped.  An 
examination  showed  that  the  load  being  taken  off  from  the  fly 
wheel,  opposite  to  that  from  which  the  load  had  been  taken  off  for 
the  past  few  months,  necessitated  a  re-adjustment  of  the  bearings 
of  the  crank  shaft  and  a  heating  of  the  same  No  further  opera- 
tion of  the  engine  was  made  during  the  day,  but  the  main  bearings 
were  taken  out  and  scraped  and  placed  in  good  condition  in  order 
to  carry  on  future  tests  on  succeeding  days. 

Full  Load  Test,  May  igth.  Upon  arrival  at  the  plant  at  6:^0 
a.  m.  the  fire  was  found  to  be  rather  low.  The  compressed  air  was 
put  on  for  a  few  minutes  in  order  to  liven  up  the  fuel  column ;  the 
generator  was  then  poked  down  from  the  top  through  the  poke  holes, 
and  the  ashes  were  raked  out  from  the  bottom  of  the  producer  to- 
gether with  some  clinker  which  had  formed  during  the  night ;  the 
air  was  then  put  on  and  kept  on  until  7:45  a.  m.,  when  the  gas 
was  sufficiently  good  to  start  the  engine. 

The  test  was  started  at  8  :oo  a.  m. ;  the  fire  was  cleaned  down  and 
the  ashes  raked  from  the  bottom  of  the  generator,  and  the  hopper 
was  filled  with  coal.  The  engine  was  started  under  a  three-quarter 
load ;  at  the  end  of  30  minutes  this  load  was  increased,  and  at  the 
end  of  a  successive  30  minutes,  it  was  further  increased  and  ad- 
justments were  made  to  the  air  valves  so  that  the  engine  would 
operate  most  economically.  Readings  were  taken  of  temperature 
and  pressure,  and  of  the  water  consumption,  each  half  hour  during 
this  and  successive  tests.  Gas  analyses  however,  were  not  made 
at  these  short  intervals,  but  were  made  at  intervals  of  iK  hours, 
except  in  a  few  special  instances.  No  adjustment  was  made  in  the 
regulation  of  the  air  to  the  engine  from  9:00  a.  m.  until  the  end  of 
the  day,  the  only  attention  given  to  the  engine  being  to  keep  the 
bearings  suitablv  oiled.  At  10:30  a.  m.  the  coal  hopper  was  turned 
down  and  40^  lbs.  of  coal  were  added.  At  11:00  a.  m.  the  ashes 
were  raked  from  the  bottom  of  the  fuel  column.  At  this  time  it  was 
noticed  that  the  engine  was  missing  once  in  thirtv.  and  the  ex- 
plosions were  heavy.  At  1  :oo  p.  m.  35^4  pounds  of  fresh  coal 
were  added  to  the  hopper  in  order  to  supply  the  shrinkage  of  coal 
in  the  generator  for  the  preceding  interval.  At  2 :50  p.  m.,  one 
side  of  the  generator  was  raked  slightlv  and  indications  were  that 
the  fire  was  hanging  up  on  that  side.  At  3.30  p.  m.,  30^  pounds 
of  coal  were  added  and  it  was  noted  that  the  temperature  of  the 
gases  dropped  from  905  deg.  Fah.  to  670  deg.  Fah.  in  two  minutes. 
At  4:30  p.  m.,  15^4  lbs.  of  coal  were  added.  No  further  attention 
was  paid  to  the  generator  until  the  test  stopped  at  6:00  p.  m.  The 
fire  was  then  thoroughly  raked  from  the  bottom  and  40^2  pounds 
of  coal  added.  At  this  time  17H  lbs.  of  ashes  were  taken  from 
the  producer.  During  the  day,  164^  lbs.  of  coal  were  added.  The 
producer  was  then  banked  for  the  night. 
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Full  Load  Test,  May  20th,  1907.  The  air  blast  was  put  on  at 
6:45  a-  m->  trie  fire  was  poked  down  from  the  top  a  few  minutes 
thereafter,  and  the  ashes  raked  out  from  the  bottom  of  the  pro- 
ducer, together  with  some  clinkers  ;  2.JY2  lbs.  of  ashes  were  taken 
out  at  this  time  which  constituted  the  stand-by  accumulation  of 
ashes  during  the  night ;  263^  lbs.  of  coal  were  added,  which  con- 
stituted the  stand-by  loss  of  coal  for  the  night.  The  blast  was  put 
on  at  7  :oo  a.  m.,  and  the  gas  -was  good  for  starting  at  7 :20  a.  m. 
The  engine  was  started  up  with  about  14  horse  power,  but  after  it 
had  been  running  for  a  period  of  two  or  three  minutes,  it  stopped, 
due  to  premature  ignition.  The  point  of  ignition  was  changed  to 
suit,  and  a  fresh  start  was  made. 

Quite  a  few  difficulties  were  encountered  in  starting  on  the  morn- 
ing of  this  day,  and  a  final  investigation  showed  that  the  igniter 
points  were  in  bad  shape,  and  that  the  points,  needed  to  be  replaced. 
Accordingly,  the  full  losses  which  occurred  from  this  time  until  the 
starting  at  9  :oo  a.  m.  were  not  charged  up  against  the  producer. 

The  real  test  for  the  day  started  at  9:00  a  m.  with  the  engine 
developing  about  13  horse  power.  The  producer  and  engine  re- 
ceived very  little  attention  during  this  day's  run ;  in  fact,  no  ad- 
justments were  made.  The  fire  was  raked  slightly  at  infrequent 
intervals  and  coal  was  added  from  time  to  time  in  order  to  keep 
the  supply  in  the  producer  up  to  a  standard.  .At  11:00  a.  m.,  20^ 
lbs.  of  coal  were  added;  at  12:30  p.  m.,  the  fire  was  raked  slightly 
and  at  1  :oo  p.  m.,  37  lbs.  of  coal  were  added.  At  2  145  p.  m.,  22^4 
lbs.  of  coal  were  added  and  at  3  :30  p.  m.,  the  fire  was  raked.  At 
4:30  p.  m.,  2>Z  lbs.  of  coal  were  added.  At  5:20  p.  m.,  the  fire  was 
raked  and  at  5  :35  p.  m.,  15  lbs.  of  coal  were  added.  The  test  was 
stopped  at  7:00  p.  m.,  and  453/2  lbs.  of  coal  were  added  after  the 
fire  had  been  poked  down  and  raked  from  below,  and  2oJ4  lbs.  of 
ashes  removed.  During  the  day's  run  of  ten  hours,  a  total  of 
1 7SlA  pounds  of  coal  were  added  to  the  generator. 

Three-quarter  Load  Test,  May  21st.  The  blast  was  put  on  at 
7  :oo  a.  m.,  for  a  period  of  five  minutes ;  the  fire  was  poked  down 
and  raked  at  7:15  a.  m.  The  blast  was  then  put  on  again.  The 
ashes  removed,  at  this  time  were  13  lbs.,  which  constituted  the 
over-night  accumulation  ;  16  pounds  of  coal  were  put  into  the  hopper 
at  this  time,  which  constituted  the  stand-by  losses  of  coal  for  the 
night.  The  test  proper  was  started  at  8:00  a.  m.  A  load  of  145 
lbs.  net  was  placed  on  the  brake  and  maintained  constant  during 
the  entire  day.  The  engine  and  producer  received  a  minimum 
amount  of  attention  during  the  eight  hour  run,  and  no  adjustments 
whatever.  Occasionally  the  brake  pulley  would  get  a  little  too 
hot  and  necessitate  a  letting  up  of  the  registered  load  for  a  verv 
short  period  of  time.  At  9:30  a.  m.,  15*4  lbs.  of  coal  were  added. 
At  10:50  a.  m.,  the  generator  was  raked  and  poked  and  2oJ4  lbs.  of 
coal  added.  At  12.00  o'clock  the  fire  was  raked  slightly  and  at  2:00 
p.  m.  18  lbs.  of  coal  were  added;  at  2:30  p.  m.,  the  fire  was  raked 
and  32  lbs.  of  coal  were  added.     Several  large  clinkers  were  found 
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in  the  producer  at  this  time.  At  3  130  p.  m.,  7%  lbs.  of  coal  were 
added.  The  test  was  stopped  at  4:00  p.  m.,  the  fire  poked  and 
raked,  and  the  ashes  removed;  1834  lbs.  of  ashes  were  removed  at 
this  time,  and  4034  lbs.  of  coal  were  added  in  order  to  fill  up  the 
hopper.     During  the  day,   133  pounds  of  coal  were  added. 

Variable  Load  Test,  May  22.  The  blast  was  put  on  the  generator 
at  7:01  a.  m.  At  7:09  a.  m.,  the  generator  was  poked  and  at  7:11 
a.  m.,  air  was  put  on  again.  The  fire  was  raked  at  7:12  a.  m.,  and 
the  blast  put  on  at-7^5  a.  m.  133^  lbs.  of  ashes  were  removed  at 
this  time,  which  was  the  accumulation  of  ashes  during  the  night, 
and  at  the  same  time  includes  the  amount  of  coal  that  is  brought  down 
and  wasted  when  the  generator  is  being  poked,  it  being  impossible  to 
prevent  fresh  coal  running  down  through  the  generator;  15  lbs.  of 
coal  were  added  to  fill  up  the  hopper  which  constituted  the  stand- 
by loss  of  coal  during  the  night. 

The  test  was  started  at  8:00  a.  m.,  when  .the  engine  was  started 
on  a  three-quarter  load.  The  temperature  in  the  top  of  the  fuel 
column  was  low  and  the  gas  of  a  rather  poor  quality.  After  a  few 
minutes,  however,  the  engine  carried  its  load  successfully,  and  was 
cutting  off  once  in  six.  The  day's  test  on  the  engine  and  producer 
was  a  most  severe  one,  running  from  three-quarters  to  a  full  load, 
to  half  load,  to  quarter  load,  thence  to. full  load,  thence  to  a  verv 
light  load  and  then  to  one-third  load.  The  load  was  then  increased 
to  three-quarters,  then  to  full,  then  for  one  half  hour  the  brake 
was  thrown  off  and  the  engine  ran  under  no  load,  but  the  producer 
always  adjusted  itself  to  the  conditions  and  at  no  time  was  there 
danger  of  the  apparatus  stopping  due  to  the  variation  of  the  heat- 
ing value  of  the  gas.  After  the  no  load  run,  a  half  load  run  fol- 
lowed, then  a  full  load,  then  a  normally  rated  load,  thence  back 
to  full  load,  then  three-quarter  load,  and  finally  half  load.  The 
average  power  developed  by  the  engine  during  the  day  was  60% 
of  its  maximum.  At  9 .30  a.  m.  the  fire  was  raked  and  26  lbs.  of 
coal  added.  At  9:50  a.  m.  the  fire  was  raked,  and  at  11:10  a.  m., 
19*4  lbs.  of  coal  were  added,  and  the  fire  raked.  At  12:50  p.  m., 
the  fire  was  raked  slightly ;  at  1  :20  p.  m.,  38%  lbs.  of  coal  were 
added,  and  at  3  105  p.  m.,  the  fire  was  raked  and  poked  down  from 
one  side  when  2434  lbs.  of  coal  were  added.  The  test  was  stopped 
at  4:30  p.  m.,  when  the  fire  was  poked  down  and  raked,  and  33  lbs. 
of  ashes  were  removed,  while  293^  lbs.  of  coal  were  added  to  the 
hopper.  During  this  run,  13724  lbs.  of  fuel  were  used.  Adjust- 
ments on  the  engine  were  made  from  time  to  time  during  the  day. 
At  8:40  a.  m.,  the  air  valve  was  adjusted,  the  engine  was  practically 
making  no  misses.  From  9:00  a.  m.  to  9:30  a.  m.,  the  engine  was 
missing  half  of  the  time.  From  9:30  a.  m.  to  1  :oo  p.  m.,  the  engine 
missed  100  times  out  of  192.  From  10:00  a.  m.  to  10:30  a.  m. 
there  was  one  miss  in  28.  The  air  valve  or  the  shutter  in  the 
vaporizer  was  adjusted  at  10:02  a.  m.,  the  engine  lost  its  speed, 
making  it  necessary  to  remove  part  of  the  load  for  a  minute.  From 
10:30   a.  m.  to   11:00  a.  m.,  the  engine  was  missing  seven  in  ten 
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At  10:40  a.  m.,  the  air  valve  was  adjusted.  From  11:30  a.  m.  to 
12  :oo  noon,  there  was  one  miss  in  seven.  During  this  period  the 
air  valve  was  adjusted  several  times.  From  12:00  to  12:30  p.  m.,' 
the  engine  was  missing  one  in  eight.  From  12  -.30  p.  m.  to  1  :oo  p.  m., 
three  misses  in  four.  From  1 :30  p.  m.  to  2  :oo  p.  m.,  practically  no 
misses  at  all.  At  1  40  p.  m.,  the  air  valve  was  adjusted.  At  1 :4s 
p.  m.,  the  engine  lost  speed,  so  that  part  of  the  load  seemed  to  be 
removed  for  a  very  short  interval.  From  2  :20  p.  m.  to  2  :30  p.  m., 
there  was  one  miss  in  nine.  At  2  :oo  p.  m.,  the  air  valves  was 
adjusted.  From  2 130  p.  m.  to  3  :oo  p.  m.  there  were  no  misses.  At 
2:50  p.  m.,  the  air  valve  was  adjusted  and  from  3:00  p.  m.  to 
3  :30  p.  m.,  there  were  no  misses.  At  3  :05  p.  m.,  the  engine  slowed 
down  and  the  load  was  removed  for  a  minute.  From  3  130  p.  m.  to 
4:00  p.  m.,  there  were  no  misses. 

It  was  evident  that  the  air  valves  did  not  stay  in  place  during 
the  day  and  had  to  be  re-adjusted  from  time  to  time  on  this  account. 
It,  however,  had  to  be  re-adjusted  when  the  load  on  the  engine  was 
changed  by  any  considerable  amount.  During  this  day's  run,  137^ 
lbs.  of  coal  were  used. 

On  the  next  morning  the  producer  was  started  up  as  is  cus- 
tomary and  13^4  lbs.  of  ashes  were  removed,  which  was  the  accumu- 
lation of  ashes  over  night,  and  igl/i  lbs.  of  coal  were  added,  which 
constituted  the  stand-by  loss  of  coal  during  the  night.  The  fire 
was  all  pulled  out  and  the  interior  of  the  generator  was  examined. 
A  considerable  amount  of  clinker  was  found  on  the  side  of  the 
generator,  and  it  was  especially  bad  under  that  portion  where  one 
poke  hole  was  missing.  It  is  to  be  noted  that  there  were  only  three 
poke  holes  in  the  top  of  the  producer. 

Description  of  Record. 

The  complete  record  of  the  daily  tests  is  given  at  the  end  of  this 
paper,  together  with  the  deductions  made  therefrom.  The  items 
will  be  taken  up  and  discussed  separately. 

Item  Xo.  1  is  the  time  interval  when  readings  were  made. 

Item  Xo.  2  shows  the  number  of  pounds  of  fuel  added  to  the 
hopper. 

Item  Xo.  3  shows  the  number  of  pounds  of  ashes  removed  from 
the  generator  as  well  as  the  number  of  pounds  of  coal  for  stand-by 
losses  for  the  night  following  the  date  of  test. 

Item  Xo.  4  shows  the  pressure  of  the  barometer  in  inches  of 
mercury. 

Item  Xo.  5  shows  the  suction,  in  inches  of  water,  of  the  gas,  taken 
between  the  scrubber  and  the  engine. 

Item  No.  6  shows  the  suction,  in  inches  of  water,  of  the  gas  pass- 
ing from  the  vaporizer  to  the  scrubber. 

Item  No.  7  shows  the  suction,  in  inches  of  water,  of  the  air  at 
the  fuel  column,  due  to  the  resistance  it  encountered  in  passing 
through  the  vaporizer,  and  air  regulator. 
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Item  Xo.  8  shows  the  temperature  of  the  air  on  the  outside  of 
the  generator  as  it  entered  the  jacket  of  the  same. 

Item  Xo.  9  shows  the  temperature  of  the  air  just  as  it  was  pass- 
ing from  the  upper  portion  of  the  jacket  of  the  generator  to  the 
vaporizer.  The  difference  between  items  XTo.  8  and  9  shows  the  rise 
in  temperature  of  the  air  as  it  passed  through  the  jacket  of  the 
generator. 

Item  Xo.  10  shows  the  temperature  of  the  air  and  moisture  added 
thereto,  in  the  vaporizer  at  the  fuel  column.  The  difference  between 
items  Xo.  9  and  10  indicates  the  quantity  of  heat  added  to  the 
air  and  water,  and  taken  in  part  from  the  vaporizer  and  in  part 
from  the  base  of  the  fuel  column. 

Item  XTo.  11  is  the  room  temperature  of  the  air  as  it  entered  the 
suction  pipe  leading  to  the  engine. 

Item  Xo.  12  is  the  temperature  of  the  gas  in  the  top  of  the  genera- 
tor as  it  passed  to  the  vaporizer,  indicated  bv  a  Bristol  Electric 
Pyrometer  inserted  therein. 

Item  Xo.  13  shows  the  temperature  of  the  gas  after  it  had  passed 
through  the  vaporizer  and  was  about  to  enter  the  scrubber.  The 
difference  between  items  Xo.  12  and  13  indicates  the  change  in 
temperature  of  the  gases,  or  the  cooling  effects  of  the  vaporizer. 

Item  Xo.  14  shows  the  temperature  of  the  gas  at  the  top  of  the 
scrubber  which  is  practically  the  temperature  as  it  enters  the  mix- 
ing valve  of  the  engine. 

Item  Xo.  15  shows  the  temperature  of  the  city  water  going  to  the 
scrubber. 

Item  Xo.  16  shows  the  temperature  of  the  water  leaving  the 
scrubber.  The  difference  between  items  Xo.  15  and  16  is  the  in- 
crease in  temperature  of  the  water  as  it  passes  through  the  scrubber. 

Item  Xo.  17  is  the  reading  of  the  "dial  of  the  water  meter,  in- 
dicating the  number  of  cubic  feet  of  water  consumed  at  that  in- 
stant. 

Item  Xo.  18  shows  the  actual  reading  of  a  continuous  revolution 
counter  placed  on  the  air  intake  valve  of  the  engine. 

Item  Xo.  19  shows  the  number  'of  pounds  of  water  going  to 
the  scrubber.  This  was  made  from  item  XTo.  17,  except  for  a 
portion  of  the  test  when  the  meter  was  not  registering  and  then  the 
water  was  weighed  for  a  portion  of  the  time,  in  order  to  determine 
the  average  rate  of  flow  for  the  given  period  of  time. 

Item  Xo.  20  shows  the  number  of  pounds  of  water  which  passed 
into  the  vaporizer  and  thence  to  the  base  of  the  fuel  column.  This 
item  was  made  up  by  taking  the  difference  of  water  supplied  to  the 
regulator  and  that  leaving  the  same. 

Item  Xo.  21  shows  the  total  number  of  revolutions  of  the  engine 
for  the  previous  interval  of  time.  It  is  twice  the  difference  of  suc- 
cessive readings  in  item  No.  18. 
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Item  Xo.  22  shows  the  average  number  of  revolutions  for  a  period 
of  thirty  minutes,  and  is  deduced  from  item  No.  21. 

Item  No.  23  shows  the  average  revolutions  of  the  engine  for  one- 
minute  as  deduced  by  reading  the  revolution  counter  one  minute 
before  item  No.  18  was  taken. 

Item  No.  24  shows  the  net  load  on  the  brake  arm  of  the  pulley. 

Item  Xo.  25  shows  the  horse  power  developed  at  the  brake  deter- 
mined for  the  previous  half  hour  period,  as  determined  by  the  re- 
sults obtained  in  items  Nos.  22  and  24. 

Item  No.  26  shows  the  same  horse  power  as  standardized.  This 
is  an  arbitrary  item  and  is  based  on  the  probable  power  which  the 
engine  would  produce  if  the  air  and  gas  were  each  supplied  at  a 
temperature  of  62  deg.  instead  of  the  temperature  indicated  in 
items  No.  11  and  14.  It  also  includes  the  power  that  would  be  de- 
veloped had  the  barometer  stood  at  30  inches  of  mercury  instead  of 
that  indicated  in  item  No.  4. 

Items  Nos.  27  to  33  inclusive,  show  the  constituent  parts  of  the 
producer  gas  as  shown  by  analysis.  The  analysis  of  the  gas  was 
made  with  a  Morehead  apparatus. 

Item  No.  34  shows  the  high  heating  value  of  the  gas  standardized 
62  deg.  F.,  30  inches  mercury,  calculated  from  tables  in  the  ap- 
pendix. 

Item  No.  35  shows  the  low  heating  value  of  the  gas  at  the  above 
mentioned  standard.  At  the  end  of  the  sheet  a  few  general  remarks 
are  made. 

Analysis  of  Fuel. 

At  the  conclusion  of  the  test  a  sample  of  coal  from  the  bin  was 
taken  according  to  approved  methods  and  was  analyzed  with  the 
following  results: 

Approximate  Analysis  of  Coal. 

Moisture    3-o8% 

Volatile   Matter    7.41 

Ash    11.07 

Fixed  Carbon   78.44 

Total    100.00% 

Heating  Value,  12,546  B.t.u  per  pound. 

The  heating  value  was  determined  by  the  Mahler-Bomb  Calorime- 
ter. 

Ashes. 
At  the  end  of  the  two  days  of  the  full  load  test,  the  total  ash 
removed  from  the  generator  during  this  time  was  sampled  and  its 
average  heating  value  as  determined,  was  7057  B.t.u.  per  pound. 
The  ash  accumulation  during  the  two  following  days  was  sampled 
and  its  average  heating  value  was  71 19  B.t.u. 
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The  following  is  a  summary  of  the  results  obtained  during  this 
test  and  as  shown  by  the  tables  appended,  and  as  deduced  from  the 
results  shown  therein. 


Date,  1907.  May  19th. 

Length    of    test,    hours 10 

Nature   of   test,    load Full 

Coal    used,    pounds 164.75 

Ashes    removed,    pounds 17.25 

Coal,    pounds,    stand-by    loss 26.5 

Ashes,     pounds,     stand-by 27.5 

Total   coal,   full   day,   lbs 191.25 

Total  ashes,  full  day,  lbs 44.75 

Work  done,   H.   P.    hours 160.6 

Average   H.   P.    developed 16.1 

Total    rev.    of    engine 134,414 

Average  r.  p.  m.  of  engine 224.2 

Water   to   vaporizer, 'lbs 35.38 

Water    to    scrubber,    lbs 3,135 

Water    to    scrubber,    gallons 376. 

Average  B.t.u.  of  gas  at  62  degrees 

30    in 111.0 

B.t.u.    in   coal,    for    test 2,066,950 

B.t.u.  in  ashes,   for  test 121,730 

B.t.u.    in    coal,    full    day    2,399,420 

B.tu.  in  ashes,  full  day 315,800 

B.t.u.  per  B.H.P.-hr.  test  run 12,870 

B.tu.   per  B.H.P.-hr.   full   day 14,940 

Lbs.  coal  per  B.H.P.-hr.  test  run..-  1.02 

Lbs.  coal  per  B.H.P.-hr.  full  day..  1.19 

Lbs.  water  per  H.P  Vaporizer  ....  0.22 

Lbs.   water  per  H.P.    Scrubber....  19.5 

Lbs.  coal  per  sq.  ft.  area  per  hour. .  15.4 

Grate  eff.  per  cent,   full   day 86.8 

Efficiency  of   installation,   per   cent, 

test  run    20.4 

Efficiency  of   installation,    per   cent. 

full    day    17.0 

Rating  of  the  Engine. 

The  horse  powrer  rating  of  this  engine  must  be  determined  by 
the  maximum  horse  power,  standardized,  that  the  engine  is  capable 
of  developing  for  a  considerable  period  of  time  multiplied  by  a  cer- 
tain factor  which  is  adopted  in  practice.  Engineers  have  used  the 
factor  of  85%  in  estimating  the  rated  capacity  of  a  gas  engine. 
This  engine  developed  for  two  days  an  average  of  16.9  horse  power, 
corrected  to  standard  conditions,  at  an  average  of  about  225  r.p.m. 

Upon  the  above  basis,  then  the  rated  horse  power  of  this  engine 
at  225  r.p.m.,  and  with  a  factor  rating  of  85%,  will  be  14^2  horse 
power. 


May  20th. 

May  21st 

May  22d 

10 

8 

8 

Full 

Ya 

Variable 

173.5 

133.0 

137.75 

21.25 

18.75 

33.0 

16.0 

15.0 

19.25 

13.0 

13.5 

13.75 

189.5 

148.0 

157.0 

34.25 

42.25 

46.75 

162.0 

102.7 

83.2 

16.2 

12.9 

10.4 

135,192 

110,938 

110,374 

225.3 

231.1 

229.9 

35.08 

24.52 

21.78 

3,483 

3,534 

9,178 

418. 

424. 

1,101. 

113.3 

112.0 

109.9 

2,176,730 

1,668,620 

1,728,210 

149,960 

133,480 

234,930 

2,377,470 

1,856,810 

1,969,720 

241,700 

300,700 

332,815 

13,440 

16,250 

20,770 

14,600 

18,080 

23,680 

1.07 

1.29 

1.66 

1.17 

1.43 

1.88 

0.22 

0.24 

0.26 

21.5 

34.3 

110.3 

16.2 

15.6 

16.1 

89.8 

83.8 

83.1 

20.4 

15.7 

12.2 

17.3 

14.0 

10.7 
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Table  IV.     Carbon  Monoxide,   CO. 
Heat  Value  of,  for  various  percents  per  Cubic  Foot.     At  62°F  and  30"Hg. 


% 

.0 

.1 

2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

0 

0.0 

0.3 

0.6 

1.0 

1.3 

1.6 

1.9 

2.3 

2.6 

2.8 

1 

3.2 

36 

3.9 

4.2 

4.5 

4.9 

r>.2 

5.5 

5.8 

6.2 

6.5 

6.8 

7.1 

7.5 

7.8 

8.1 

8.4 

8.8 

9.1 

9.4 

3 

9.7 

10.1 

10.4 

10.7 

11.0 

11.4 

11.7 

12.0 

12.3 

12.7 

4 

13.0 

13.3 

13.6 

14.0 

14.3 

14.6 

14.9 

15.2 

15.6 

15.9 

5 

16.2 

16.5 

16.9 

17.2 

17.5 

17.8 

18.2 

18.5 

18.8 

19.1 

6 

19.5 

19.8 

20.1 

20.4 

20.8 

21.1 

21.4 

21.7 

22.1 

22.4 

7 

22.7 

23.0 

23.4 

23.7 

24.0 

24.3 

24.7 

25.0 

25.3 

25.6 

8 

26.0 

26.3 

26.6 

26.9 

27.3 

27.6 

27.9 

28.2 

28.6 

28.9 

9 

29.2 

29.5 

29.8 

30.2 

30.5 

30.8 

31.1 

31.5 

31.8 

32.1 

10 

32.4 

32.8 

33.1 

33.4 

33.7 

34.1 

34.4 

34.7 

35.0 

35.4 

11 

35.7 

36.0 

36.3 

36.7 

37.0 

37.3 

37.6 

38.0 

38.3 

38.6 

12 

38.9 

39.3 

39.6 

39.9 

40.2 

40.6 

40.9 

41.2 

41.5 

41.9 

13 

42  2 

42.5 

42.8 

43.2 

43.5 

43.8 

44.1 

44.4 

44.8 

45.1 

14 

45'.4 

45.7 

46.1 

46.4 

46.7 

47.0 

47.4 

47.7 

48.0 

48.3 

15 

48.7 

49.0 

49.3 

49.6 

50.0 

50.3 

50.6 

50.9 

51.3 

5L6 

16 

51.9 

52.2 

52.6 

52.9 

53.2 

53.5 

53.9 

54.2 

54.5 

54.8 

17 

55.2 

55.5 

55.8 

56.1 

56.5 

56.8 

57.1 

57.4 

57.8 

58.1 

18 

58.4 

58.7 

59.0 

59.4 

59.7 

60.0 

60.3 

60.7 

61.0 

61.3 

19 

61.6 

62.0 

62.3 

62.6 

62.9 

63.3 

63.6 

63.9 

84.2 

64.6 

20 

64.9 

65.2 

65.5 

65.9 

66.2 

66.5 

66.8 

67.2 

67.5 

67.8 

21 

68.1 

68.5 

68.8 

69.1 

69.4 

69.8 

70.1 

70.4 

70.7 

71.1 

°2 

71.4 

71.7 

72.0 

72.4 

72.7 

73.0 

73.3 

73.7 

74.0 

74.3 

23 

74.6 

74.9 

75.3 

75.6 

75.9 

76.2 

76.6 

76.9 

77.2 

77.5 

24 

77.9 

78.2 

78.5 

78.8 

79.2 

79.5 

79.8 

80.1 

80.5 

80.8 

25 

81.1 

81.4 

81.8 

82.1 

82.4 

82.7 

83.1 

83.4 

83.7 

84.0 

26 

84.4 

84.7 

85.0 

85.3 

85.7 

86.0 

86.3 

86.6 

87.0 

87.3 

27 

87.6 

87.9 

88.3 

88.6 

88.9 

89.2 

89.5 

89.9 

90.2 

90.5 

28 

90.8 

91.2 

91.5 

91.8 

92.1 

92.5 

92.8 

93.1 

93.4 

93.8 

29 

94.1 

94.4 

94.7 

95.1 

95.4 

95.7 

96.0 

96.4 

96.7 

97.0 

30 

97.3 

97.7 

98.0 

98.3 

98.6 

99.0 

99.3 

99.6 

99.9 

100.3 

31 

100.6 

100.9 

101.2 

101.6 

101.9 

102.2 

102.5 

102.9 

103.2 

103.5 

32 

103.8 

104.1 

104.5 

104.8 

105.1 

105.4 

105.8 

106.1 

106.4 

106.7 

33 

107.1 

107.4 

107.7 

108.0 

108.4 

108.7 

109.0 

109.3 

109.7 

110.0 

34 

110.3 

110.6 

111.0 

111.3 

111.6 

111.9 

112.2 

112.6 

112.9 

113.2 

Table  V.     Hydrogen,  H2. 
Heat  Value  of,  for  various  percents  per  Cubic  Foot.   High  Value,  at  62°F  and  30''Hg 


% 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

0 

0.0 

0.3 

0.7 

1.0 

1.3 

1.6 

2.0 

2.3 

2.6 

2.9 

1 

3.3 

3.6 

3.9 

4.2 

4.6 

4.9 

5.2 

5.5 

5.9 

6.2 

2 

6.5 

6.9 

7.2 

7.5 

7.8 

8.2 

8.5 

8.8 

9.1 

9.5 

3 

9.8 

10.1 

10.4 

10.8 

11.1 

11.4 

11.7 

12.1 

12.4 

12.7 

4 

13.0 

13.4 

13.7 

14.0 

14.3 

14.7 

15.0 

15.3 

15.6 

16.0 

5 

16.3 

16.6 

16.9 

17.3 

17.6 

17.9 

18.2 

18.6 

18.9 

19.2 

6 

19.6 

19.9 

20.2 

20.5 

20.9 

21  2 

21.5 

21.8 

22  2 

22.5 

7 

22.8 

23.1 

23.5 

23.8 

24.1 

24~4 

24.8 

25.1 

25^4 

25.7 

8 

26.1 

26.4 

26.7 

27.0 

27.4 

27.7 

28.0 

28.4 

28.7 

29.0 

9 

20.4 

29.7 

30.0 

30.3 

30.7 

31.0 

31.3 

31.6 

32.0 

32.3 

10 

32.6 

33.0 

33.3 

33.6 

33.9 

34.3 

34.6 

34.9 

35.2 

35.6 

11 

35.9 

36.2 

36.5 

36.9 

37.2 

37.5 

37.8 

38.2 

38.5 

38.8 

12 

39.1 

39.5 

39.8 

40.1 

40.5 

40.8 

41.1 

41.4 

41.8 

42.1 

13 

42.4 

42.7 

43.1 

43.4 

43.7 

44.0 

44.4 

44.7 

45.0 

45.3 

14 

45.7 

46.0 

46.3 

46.7 

47.0 

47.3 

47.6 

48.0 

48.3 

48.6 

15 

48.0 

49.3 

49.6 

49.9 

50.2 

50.6 

50.9 

51.2 

51.5 

51.9 

16 

52.2 

52.5 

52.8 

53.2 

53.5 

53.8 

54.1 

54.5 

54.8 

55.1 

17 

5JL5 

55.8 

56.1 

56.4 

56.8 

57.1 

57.4 

57.7 

58.1 

58.4 

18 

58.7 

59.0 

59.4 

59.7 

60.0 

60.4 

60.7 

61.0 

61.3 

61.7 

19 

62.0 

62.3 

62.6 

63.0 

63.3 

63.6 

63.9 

64.3 

64.6 

64.9 

20 

65  2 

65.6 

65.9 

66.2 

66.6 

66.9 

67  2 

67.5 

67.9 

68.2 

21 

68.5 

68.8 

69.2 

695 

69.8 

70.1 

70.5 

70.8 

71.1 

71.4 

22 

71.8 

72.1 

72.4 

72.8 

73.1 

73.4 

73.7 

74.1 

74.4 

74.7 

23 

75.0 

75.3 

75.6 

76.0 

76.3 

76.7 

77.0 

77.3 

77.6 

78.0 

24 

78.3 

78.6 

79.0 

79.3 

79.6 

79.9 

80.3 

80.6 

80.9 

81.2 

25 

81.6 

81.9 

82.2 

82.5 

82.9 

83.2 

83.5 

S3..S 

84.2 

84.5 

26 

84.8 

85.1 

85.5 

85.8 

86.1 

86.5 

86.8 

87.1 

87.4 

87.8 

27 

86  l 

88.4 

88.7 

89.1 

89.4 

.80.7 

90.0 

00.4 

90.7 

91.0 

28 

91.3 

91.7 

92.0 

92.3 

92.7 

93.0 

93.3 

93.6 

94.0 

94.3 

20 

94.6 

94.9 

95.3 

95.6 

95.9 

96.2 

96.6 

96.S 

07.2 

97.5 

80 

97  0 

98.2 

98.5 

08.8 

99.2 

09. 5 

99.8 

100.1 

100.5 

100.8 

31 

101.1 

101.4 

101. 8 

102.1 

102.4 

102.8 

103.1 

103.4 

103.7 

1041 

32 

104.4 

101.7 

105.0 

1054 

105.7 

106.0 

106.3 

108.7 

loT.o 

107.3 

88 

107.6 

108.0 

108.3 

108.6 

108.0 

J09.3 

109.6 

100.0 

110.8 

110.8 

34 

110.9 

111.2 

111.8 

111.9 

112.2 

112.5 

112.9 

113  2 

113.5 

113.8 
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Table  VI.     Hydrogen,  H2. 
Heat  Value  of,  for  various  percents  per  Cubic  Foot.  Low  value,  at  62F°  and  30"Hg. 


% 

.0 

.1 

2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

0 

0.0 

0.3 

0.5 

0.8 

1.1 

1.4 

1.6 

1.9 

2.2 

2.5 

1 

2.7 

3.0 

3.3 

3.6 

3.8 

4.1 

4.4 

4.7 

4.9 

5.2 

2 

5.5 

5.8 

6.0 

6.3 

6.6 

6.9 

7.1 

7.4 

7.7 

8.0 

3 

8.2 

8.5 

8.8 

9.1 

9.3 

9.6 

9.9 

10.2 

10.4 

10.7 

4 

11.0 

11.3 

11.5 

11.8 

12.1 

12.4 

12.6 

12.9 

13.2 

13.5 

5 

13.7 

14.0 

14.3 

14.6 

14.8 

15.1 

15.4 

15.7 

15.9 

16.2 

6 

16.5 

16.8 

17.0 

17.3 

17.6 

17.9 

18.1 

18.4 

18.7 

19.0 

7 

19.2 

19.5 

19.8 

20.1 

20.3 

20.6 

20.9 

21.2 

21.4 

21.7 

8 

22.0 

22  2 

22.5 

22.8 

23.1 

23.4 

23.6 

23.9 

24.2 

24.5 

9 

24.7 

25!5 

25.3 

25.6 

25.8 

26.1 

26.4 

26.7 

26.9 

27.2 

10 

27.5 

27.8 

28.0 

28.3 

28.6 

28.9 

29.1 

29.4 

29.6 

29.9 

11 

30.2 

30.5 

30.8 

31.1 

31.3 

31.6 

31.9 

32.1 

32.4 

32.7 

12 

33.0 

33.2 

33.5 

33.8 

34.1 

34.3 

34.6 

34.9 

35.2 

35.4 

13 

35.7 

36.0 

36.3 

36.5 

36.8 

37.1 

37.4 

37.6 

37.9 

38.2 

14 

38.5 

38.7 

39.0 

39.3 

39.6 

39.8 

40.1 

40.4 

40.7 

40.9 

15 

41.2 

41.5 

41.8 

42.0 

42.3 

42.6 

42.9 

43.1 

43.4 

43.7 

16 

44.0 

44.2 

44.5 

44.8 

45.1 

45.3 

45.6 

45.9 

46.2 

46.4 

17 

46.7 

47.0 

47.3 

47.5 

47.8 

48.1 

48.4 

48.6 

48.9 

49.2 

18 

49.5 

49.7 

50.0 

50.3 

50.6 

50.8 

51.1 

51.4 

51.7 

51.9 

19 

52.2 

52.5 

52.8 

53.0 

53.3 

53.6 

53.9 

54.1 

54.4 

54.7 

20 

55.0 

55.2 

55.5 

55.8 

56.1 

56.3 

56.6 

56.9 

57.2 

57.4 

21 

57.7 

58.0 

58.3 

58.5 

58.8 

50.1 

59.4 

59.6 

59.9 

60.2 

22 

60.5 

60.7 

61.0 

61.3 

61.6 

61.8 

62.1 

62.4 

62.6 

62.9 

23 

■63.2 

63.5 

63.7 

64.0 

64.3 

64.6 

64.8 

65.1 

65.4 

65.7 

24 

65.9 

66.2 

66.5 

66.8 

67.0 

67.3 

67.6 

67.9 

68.1 

68.4 

25 

68.7 

69.0 

69.2 

69.5 

69.8 

70.1 

70.3 

70.6 

70.9 

71.2 

26 

71.4 

71.7 

72.0 

72.3 

72.5 

72.8 

73.1 

73.4 

73.6 

73.9 

27 

74.2 

74.5 

74.7 

75.0 

75.3 

75.6 

75.8 

76.1 

76.4 

76.7 

28 

76  9 

77.2 

77.5 

77.8 

78.0 

78.3 

78.6 

78.9 

79.1 

79.4 

29 

79.7 

80.0 

80.2 

80.5 

80.8 

81.1 

81.3 

81.6 

81.0 

82.2 

30 

82.4 

82.7 

83.0 

83.3 

83.5 

83.8 

84.1 

84.4 

84.6 

819 

31 

85. 2 

85.5 

85.7 

86.0 

86.3 

86.6 

86.8 

87.1 

87.4 

87.7 

32 

87.9 

88.2 

88.5 

88.8 

89.0 

89.3 

89.6 

89.9 

90.1 

90.4 

33 

90.7 

91.0 

91.2 

91.5 

91.8 

92.1 

92.3 

92.6 

92.9 

93.2 

34 

93.4 

93.7 

94.0 

94.3 

94.5 

94.8 

95.1 

95.4 

95.6 

95.9 

Conclusions. 
The  following-  conclusions  are  drawn  as  a  result  of  this  test: 

1.  The  operation  of  the  installation  on  the  whole  was  very  satis- 
factory. 

2.  The  operation,  so  far  as  the  fuel  consumption  was  most 
economical,  for  a  plant  of  this  size.  As  a  matter  of  fact,  the  results 
showed  a  lower  fuel  consumption  than  is  attained  by  producer  plants 
of  this  size  in  England. 

3.  The  operation  at  three-quarter  load  was  very  good,  and  the 
economy  was  about  as  it  should  be.  showing  an  increased  fuel  con- 
sumption per  unit  of  power  developed  over  that  at  full  load. 

4.  The  operation  of  the  installation  under  variable  load  was  ex- 
tremely satisfactory,  so  far  as  continuity  of  operation  and  fuel  con- 
sumption were  concerned. 

5.  The  producer  was  able  to  adjust  itself  to  make  gas  to  meet 
varying  condition  most  satisfactorily. 

6.  The  grate  efficiency  of  the  generator  was  comparatively  high.' 

7.  The  proportions  of  the  generator,  so  far  as  the  area  of  the 
fuel  column  and  the  height  of  same  are  concerned,  were  satis- 
factory. 

8.  The  sectional  area  was  ample  for  a  15  horse  power  producer 
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9.  The  poke  holes  were  well  designed,  so  that  one  could  reach 
every  part  of  the  fuel  column  except  in  the  case  where  one  poke 
hole  was  omitted. 

10.  The  magazine  directly  beneath  the  hopper  was  too  short  and 
did  not  contain  a  sufficient  amount  of  coal  for  reserve. 

11.  The  design  of  this  generator  without  a  grate  was  satisfactory. 

12.  The  jacket  on  the  generator  was  effective  in  heating  the 
air  successfully  to  take  up  the  proper  amount  of  moisture. 

13.  The  vaporizer  was  satisfactory  in  that  all  the  water  sup- 
plied to  it  through  the  regulator  was  evaporated. 

14.  The  vaporizer  in  this  instance  did  not  offer  too  great  a  re- 
sistance to  the  passage  of  air  through  the  same. 

15.  The  vaporizer  was  efficient  in  reducing  the  temperature  of 
the  gases  leaving  the  generator  before  they  entered  the  scrubber. 

16.  The  scrubber  was  well  proportioned  and  cleaned  the  gas 
most  efficiently  . 

17.  The  water  regulator  served  to  admit  water  in  proportion  to 
the  power  developed  by  the  engine. 

18.  The  coal  consumption  per  hour  was  nearly  constant  and  ap- 
parently independent  of  the  power  developed  for  the  load  factors 
used. 

DISCUSSION. 

Mr.  A.  R.  Sz^oboda:  I  do  not  quite  understand  what  is  meant  by 
grate  efficiency. 

Prof.  MacFarland :  The  term  grate  efficiency  is  perhaps  a  misno- 
mer, because  there  is  no  grate  in  the  producer  described.  It  repre- 
sents the  percentage  of  heat  supplied  to  the  generator  that  was  util- 
ized. By  taking  the  weight  of  the  ash  and  determining  the  heating 
value  of  the  ash  the  heat  rejected  in  the  ash  was  determined.  The  ash 
represented  quite  a  lot  of  good  coal ;  for  in  some  cases,  in  poking  the 
producer,  there  would  be  a  handful  of  good  coal  which  would  run 
down  through,  and  having  no  grate  to  retain  it,  it  was  lost.  I  would 
not  allow  that  coal  to  be  used  over  again.  Everything  that  went  into 
the  hopper  was  measured  and  we  did  not  use  anything  the  second 
time.  It  would  be  hardly  fair  to  charge  up  the  number  of  pounds  by 
considering  the  weight  of  the  ash  that  was  in  the  coal  and  consider 
the  difference  good  coal.  Therefore,  the  heating  value  of  the  ash 
was  determined  in  the  same  manner  as  the  heating  value  of  the  coal. 
We  took  a  sample  in  the  same  regular  way  and  then  multiplied  the 
weight  of  the  ash  removed  by  its  heating  value  as  determined  from 
analysis,  and  got  a  certain  number  of  heat  units ;  dividing  that  by  a 
certain  number  of  heat  units  supplied  in  the  coal  to  the  hopper,  it 
gave  a  value  for  the  first  day  of  20%  subtracting  that  from  100% 
gives  the  grate  efficiency  of  8o9£.  It  seems  like  a  common  sense 
value. 
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Mr.  Paid  R.  Brooks:  Is  not  the  grate  efficiency  a  matter  of  at- 
tendance entirely? 

Prof.  MacFarland:  Yes,  almost  entirely.  Just  one  extra  poke 
would  make  a  difference  in  the  coal  in  the  ashes.  The  grate  effi- 
ciency could  possibly  be  maintained  to  90  per  cent. 

Mr.  J.  H.  Warder,  m.w.s.e.  :  What  is  the  objection  to  having  a 
grate  ? 

Prof.  MacFarland :  The  objection  to  a  grate  is  it  has  a  tendency  to 
burn  out.  and  the  poking  adds  complications.  There  are  no  greater 
objections  other  than  these.  There  is  a  tendency  in  England  to  have 
small  producers  without  grates.  In  producers  of  25  h.  p.,  where 
the  fuel  column  does  not  taper  down  to  a  diameter  of  8  inches,  I 
find  the  air  coming  in  from  all  sides,  leaving  a  small  cone  at  the  cen- 
ter where  air  does  not  get  in  at  all.  A  better  distribution  of  air  is 
made  by  having  a  grate  for  a  producer  of  18  in.  in  diameter:  for  a 
smaller  size  of  producer  I  would  not  deem  it  advisable  to  have  a  grate. 

Mr.  Sz^oboda :  Referring  again  to  the  matter  of  grate,  how  does 
the  solid  grate  compare  with  the  open  grate  ? 

Prof.  FacFarland:  Perhaps  Mr.  Atkinson,  who  is  the  designer 
of  this  producer,  can  tell  us  something  about  this,  for  since  these  tests 
were  made  he  has  designed  a  raised  grate. 

Mr.  C.  I.  Atkinson:  In  regard  to  the  matter  of  grates:  I  found 
that  in  the  small  size  of  producer,  where  there  was  an  absence  of  fire 
bars,  there  was  also  an  absence  of  complications  which  counteracted 
the  value  of  the  fire  bars.  In  a  small  producer  it  is  not  so  much  a 
question  of  coal  economy  as  it  is  reliabilitv,  and  with  a  small  producer 
I  found  that  the  only  way  to  get  reliability  was  with  a  solid  grate. 
With  a  large  size  producer  the  consumption  of  coal  is  a  greater  factor, 
and  there  you  have  to  plan  on  saving  as  closely  as  possible.  I  have 
lately  brought  out  a  new  grate  which  has  a  central  air  draft.  The 
grate  itself  represents  the  same  principle  as  a  solid  table,  but  it  is  made 
so  that  it  can  be  raised  vertically,  and  that  vertical  movement  tends  to 
clean  the  grate  ashes,  so  it  is  not  necessary  to  poke  or  rake  the  fire 
from  the  top  as  in  the  small  producer.  Therefore  we  get  the  same 
arrangement,  but  with  an  increased  efficiency.  Where  there  are  fire 
bars,  as  in  boilers,  the  fire  bars  will  not  always  stand  the  hisrh  tem- 
perature ;  and  when  the  fireman  pokes  the  fire  from  the  top  he  some- 
times breaks  the  bars,  which  means  considerable  expense  in  replacing 
them. 

Mr.  Szi'oboda :  The  reason  I  asked  in  regard  to  the  grate  was  that 
it  occurred  to  me  the  ordinary  form  of  grate  was  not  suitable  for 
that  particular  purpose ;  that  small  holes  were  liable  to  appear,  and 
therefore  the  correct  quantity  of  gas  would  not  be  produced.  It  has 
seemed  to  me  that  a  srate  more  of  the  nature  of  a  solid  grate  would 
be  more  suitable  than  an  open  grate. 

Mr.  Atkinson :  The  solid  grate  certainly  gives  a  higher  efficiencv 
for  that  and  other  reasons,  where  you  use  a  perforated  grate  large 
quantites  of'small  unburned  fuel  may  fall  through  in  places  whilst  in 
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other  places  ashes  will  accumulate,  thus  increasing  the  air  supply  in 
the  clean  parts  and  so  forming  a  cavity. 

Mr.  Brooks:     What  happens  when  you  over-drive  a  producer? 

Prof.  MacFarland :  The  first  thing  in  over-driving  is  to  increase 
the  quantity  of  the  gas  and  decrease  its  quality. 

Mr.  Brooks:     In  what  respect? 

Prof.  MacFarland :  The  decrease  of  carbon  monoxide.  It  takes 
a  certain  time  to  change  the  carbon  dioxide ;  there  has  to  be  a  surface 
contract  of  the  gas  with  the  hot  coal,  and  as  you  over-drive  the  pro- 
ducer you  increase  the  velocity  and  there  is  not  the  desirable  baffling 
effect  on  the  gases  as  they  go  through  the  coal. 

Mr.  Chas.  C.  Robbins :  It  may  be  interesting  to  hear  from  another 
point  of  view — from  the  standpoint  of  a  consumer  of  power.  The 
company  with  which  I  am  connected  put  in  a  suction  gas  producer  in 
the  spring  of  1907,  as  an  experiment.  The  engine  connected  with 
this  producer  is  35  h.  p.  The  plant  has  been  in  use  continuously 
since  its  installation  and  we  have  had  very  satisfactory  results.  At 
first,  as  might  be  expected,  we  had  considerable  trouble,  due  to  lack 
of  knowledge  of  the  operations  and  to  the  very  unsatisfactory  sup- 
ply of  information  available.  The  plant  has  been  driving  a  cold  stor- 
age outfit — compressor,  etc., — and,  as  already  stated,  we  have  been 
using  about  35  h.  p.  Our  consumption  of  coal  runs  about  1.25  lb.  of 
coal  per  h.  p.  hr.  The  time  of  operation  has  not  been  uniform ;  some 
days  we  would  run  five  hours,  other  days  ten  hours,  etc.,  and  some- 
times we  have  not  run  for  a  week,  but  we  have  never  had  any  trouble 
in  getting  gas  in  about  30  minutes ;  we  have  never  had  any  trouble 
with  the  operation  of  the  plant  so  far  as  the  gas  was  concerned  or  the 
efficiency  of  the  producer.  The  gas  engine  has  caused  some  trouble 
at  times,  but  the  troubles  have  always  been  from  lack  of  knowledge 
on  the  part  of  the  engineer.  I  find  very  few  engineers  who  know  any- 
thing about  producer  gas  plants,  and  therefore  the  scarcity  of  skilled 
labor  of  that  kind,  is  one  of  the  problems  we  have  to  consider  when 
installing  such  plants. 

So  far  as  our  company  is  concerned,  we  are  satisfied  that  the 
producer  gas  plant  is  the  coming  power  for  stationary  engines,  par- 
ticularly where  the  load  is  anywhere  near  uniform. 

Mr.  W.  J.  Miskella:  jun.m.w.s.e.  :  I  would  ask  Prof.  MacFar- 
land if  he  will  explain  the  seal  pot  arrangement,  particularly  the 
angle  pipe. 

Prof.  MacFarland :  Referring  to  Fig.  2,  that  angle  was  in  the  bot- 
tom of  the  vaporizer  so  that  if  an  overflow  of  water  should  occur,  it 
would  be  drained  out.  In  use,  that  pot  will  be  closed  and  there  will 
be  no  water  passing  down  there,  but  if  any  water  should  get  through, 
it  could  be  drained  out. 

Mr.  George  M.  Mayer,  m.w.s.e.  :  Judging  from  Prof.  MacFar- 
land's  paper,  he  must  have  made  a  good  many  tests.  I  would  ask 
whether  he  has  made  engine  tests  using  city  gas,  and  how  the  cost 
would  compare  with  an  engine  of  the  same  size,  including  cost  of  in- 
stallation, etc. 
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Prof.  MacFarland:  I  do  not  wish  to  go  into  the  question  of  com- 
parative cost  at  this  time.  That  will  be  taken  up  some  time  in  the 
future,  when  very  complete  records  which  are  being  made  at  the  pres- 
ent time  on  a  ioo  h.  p.  installation,  will  be  presented  to  this  Society, — 
probably  in  the  course  of  six  months.  At  that  time  everything  will 
be  considered,  including  the  rent  of  the  room,  etc.,  and  I  shall  be  glad 
then  to  show  comparative  costs. 

Mr.  Mayer:  The  reason  I  asked  that  question  was  that  I  thought 
the  cost  of  maintenance  would  be  very  high. 

Prof.  MacFarland'.  Perhaps  Mr.  Robbins  will  give  us  some  infor- 
mation along  that  line. 

Mr.  Robbins:  We  have  to  charge  our  producer  once  a  day.  It 
takes,  on  an  average,  475  to  495  pounds  of  coal  per  day,  as  we  run 
the  producer.  I  believe  that  the  total  time  required  of  the  attendant, 
per  day  of  ten  hours,  is  about  1  hour  and  45  minutes.  The  man  who 
is  doing  that  work  is  unskilled,  and  has  no  theoretical  knowledge. 
He  was  running  my  automobile,  does  not  know  the  first  principles  of 
mechanics,  but  is  able  to  keep  this  plant  running.  I  believe  1.5  hours 
a  day  for  a  skilled  man  is  all  that  is  necessary  for  a  plant  of  50  to 
100  h.  p.     I  pay  the  man  I  have  referred  to  $18.00  per  week. 

Mr.  A.  W .  Moseley,  m.w.s.e.  :  I  notice  that  on  May  21st  the  water 
consumed  by  the  scrubber  was  3,534  lbs.,  but  on  the  next  day  9,178 
lbs.  of  water  were  used  in  the  scrubber.  Was  this  difference  in  water 
consumption  accidental  or  necessary?/ 

Prof.  MacFarland :  That  was  not  essential  at  all,  and  was  possi- 
bly accidental.  No  attention  was  given  to  that.  The  water  supply  was 
a  little  irregular,  and  the  pressure  was  variable.  In  a  large  plant  the 
consumption  of  water  would  be  an  important  item. 

Mr.  Brooks :     I  would  ask  if  that  water  could  be  used  over  again. 

Prof.  MacFarland :     Yes,  if  one  wished  to  do  so. 

Mr.  Mayer:     Was  the  gas  clean,  or  more  like  city  gas? 

Prof.  MacFarland:  So  far  as  the  engine  was  concerned  the  gas 
was  sufficiently  clean— about  as  you  would  find  city  gas,  I  think.  It 
is  not  hard  to  clean  producer  gas.  I  suspect  our  scrubbers  are  en- 
tirely too  cumbersome,  and  we  hope  to  have  a  better  design  sometime. 

Mr.  H.  Gansslen,  m.w.s.e.:  I  would  like  to  know  just  what  the 
physical  or  mechanical  properties  of  the  German  coals  are  that  make 
them  better  adapted  for  use  in  producers.  I  was  under  the  impres- 
sion that  the  main  reason  why  the  producer  was  not  being  used  so 
much  here  was  the  cheapness  of  coal  here ;  in  Germany  coal  is  much 
more  expensive,  and  many  years  ago  they  were  compelled  to  pay 
more  attention  to  economy,  as  far  as  coal  consumption  goes,  this  being 
at  the  same  time  a  good  reason  for  the  general  use  of  producers  and 
gas  engines  there. 

Prof.  MacFarland :  That  is  due,  I  judge,  to  the  lack  of  ash.  The 
foreign  coals  contain  a  smaller  quantity  of  ash,  and  consequently  a 
less  quantity  of  clinker  will  be  formed. 

Mr.  Gansslen  :     The  percentage  of  hydrogen  in  these  tests  is  rather 
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low.  I  would  like  to  know  whether  this  vaporizer  would  be  capable 
of  evaporating  the  maximum  quantity  that  could  be  admitted,  and  yet 
have  the  producer  work  satisfactorily, — that  is, — not  lower  the  tem- 
perature in  the  fire  too  much  ?  I  have  noticed  in  some  types  of  pro- 
ducers that  it  was  practically  impossible  to  get  any  large  percentage 
of  hydrogen ;  in  other  words,  the  air  could  not  be  heated  sufficiently 
to  convey  a  sufficient  amount  of  water  to  the  fire  to  give  the  maximum 
percentage  of  hydrogen  and  lower  the  percentage  of  the  inert  nitro- 
gen thereby. 

Prof.  MacFarland :  That  question  is  a  very  pertinent  one,  for  I 
have  had  that  experience  myself — a  vaporizer  on  a  producer  that  was 
not  of  sufficient  capacity — but  here  the  vaporizer  is  increased,  so  to 
speak,  from  the  fact  that  the  air  comes  to  the  vaporizer  hot,  and  with- 
out doubt  this  vaporizer  will  take  care  of  possibly  four  times  as  much 
water  as  was  supplied.  If  you  will  refer  to  the  temperatures  in  the 
Table,  Fig.  6,  column  8,  you  will  find  that  the  average  temperature  of 
the  air  going  to  the  jacket  was  120  deg.  F.  The  air  as  it  leaves,  goes 
to  the  vaporizer  during  the  entire  day  at  an  average  temperature  of 
327  deg.  F.,  so  the  temperature  of  the  air  was  increased  on  an  aver- 
age of  200  deg.  in  the  jacket  of  the  producer.  The  temperature  of 
the  air  at  fuel  column  was  2JJ  deg.  F. ;  the  gas  as  it  left  the  vaporizer 
to  go  to  the  scrubber  had  a  temperature  of  326  deg.  and  had  a  larger 
quantity  of  water  been  supplied  to  the  vaporizer  it  would  have  been 
vaporized  and  the  air  would  have  taken  it  up  successfully.  In  any 
case,  if  a  vaporizer  is  not  of  sufficient  capacity  one  can  always  put  the 
water  in  the  base,  and  perhaps  that  is  as  desirable  a  form.  I  have  the 
results  of  a  producer  being  built  in  Chicago  at  the  present  time  where 
just  such  a  method  is  used.  The  steam  is  supplied  at  the  base  of  the 
generator,  and  there  combines  with  the  air.  In  that  producer  it  was 
shown  that  11.5  pounds  of  coal  had  the  equivalent  of  0.83  of  a  gallon 
of  high  grade  gasoline.  The  coal  had  the  equivalent  of  about  128,000 
B.  t.  u..  whereas  the  gasoline  used  had  an  equivalent  of  about  100,000 
B.  t.  u.  From  that  you  have  to  take  the  efficiency  of  the  producer, 
which  is  between  70  and  80  per  cent.  In  this  way  we  get  a  com- 
parison between  producer  gas  for  heating  purposes  and  high  grade 
gasoline.  Comparing  the  cost,  in  one  case  you  are  paying  23c.  per 
gallon  for  the  gasoline,  and  that  leaves  19c.  for  the  gasoline  con- 
sumed, and  the  coal  costs  3c.  As  compared  to  cost  we  have  a  ratio 
of  6  to  1. 

Mr.  Gansslen:  Do  you  consider  the  uniformity  of  the  gas,  which 
is  probably  largely  governed  by  the  regulator,  sufficient  to  make  the 
gas  useful  for  heating  purposes  such  as  you  mention, — that  is,  will  the 
gas  burned  in  a  suitable  open  burner  give  approximately  the  same 
rich  flame  right  along?  For  industrial  heating  purposes  in  canning 
and  can  factories  it  is  practically  out  of  the  question  to  get  satis- 
factory results  with  variations  in  the  quality  of  gas,  which,  as  far  as  I 
am  experienced,  amount  often  to  30  per  cent,  and  more  with  pro- 
ducer ga.«  without  much  warning,  and  are  largely  due  to  the  varia- 
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tions  in  the  load  on  the  producer.  This  difficulty  is  probably  not  of 
such  grave  consequences  where  the  gas  is  used  for  power  purposes, 
in  which  case  a  water  regulator  is  not  needed  so  badly. 

Prof.  MacFarland:  I  regard  the  water  regulator  as  a  very  essen- 
tial part  of  the  producer,  and  unless  you  have  one  you  cannot  insure 
satisfactory  results.  But  with  most  any  regulator  you  can  regulate 
closely. 

Mr.  C.  M.  Garland,  U.  of  I. ;  Urbana,  111.,  (by  letter)  :  Referring  to 
Professor  H.  B.  MacFarland's  paper  on  the  "Test  of  a  Small  Suction 
Gas  Producer  Plant,"  it  might  be  of  interest  to  bring  up  the  question 
as  to  whether  or  not  the  hydrogen  in  the  producer  gas  is  really  a  valu- 
able constituent  when  the  gas  is  to  be  used  for  power  purposes. 

A  recent  article  by  Mr.  G.  F.  M.  Tait  in  Cassier's  Magazine  gives 
the  results  of  some  experiments  which  seem  to  indicate  that  it  is  not. 

The  argument  in  support  of  this  conclusion  which  is  in  turn  sup- 
ported by  the  experiments,  is  somewhat  as  follows:  A  producer 
plant  using  steam  to  keep  down  the  temperature  of  the  combustion 
zone,  prevent  the  formation  of  clinker  and  to  enrich  the  gas  formed 
with  hydrogen,  labors  under  a  number  of  disadvantages.  In  the  first 
place  the  hydrogen  content  of  the  gas  is  high  and  any  variation  in  the 
quantity  of  the  hydrogen  which  is  likely  to  occur  at  any  time  due  to 
change  in  the  steam  supply,  or  in  the  condition  of  the  fuel  bed,  pro- 
duces a  marked  change  in  the  operation  of  the  engine,  and  conse- 
quently tends  to  make  the  operation  of  the  plant  unreliable.  Again, 
the  principal  combustible  constituents  of  the  gas  are  CO  and  the  H. 
The  properties  of  these  two  gases  are  very  different.  Hydrogen 
possesses  probably  ten  times  the  affinity  of  oxygen  that  the  CO  does. 
If  these  gases,  CO  and  H  are  used  in  the  cylinder  together,  it  is  evi- 
dent that  if  ignition  and  compression  are  correct  for  the  CO,  they 
will  not  be  correct  for  the  H.  And  the  reverse  is  also  true.  The  H 
being  very  inflamable  will  not  withstand  a  high  compression.  Con- 
sequently, a  gas  consisting  largely  of  H  must  be  used  in  an  engine 
with  low  compression  and  with  a  resulting  low  efficiency.  The  CO, 
however,  is  not  so  inflammable  as  the  H,  and  permits  of  high  com- 
pression, with  the  resulting  high  engine  efficiency. 

From  this  it  might  seem  advisable,  as  far  as  the  engine  is  con- 
cerned,  to  eliminate  the  H  from  the  gases.  In  order  to  operate  the  pro- 
ducer efficiently,  however,  it  has  been  found  necessary  to  keep  down 
the  temperature  of  the  fuel  bed,  in  order  to  prevent  excessive  loss 
of  heat.  This  is  accomplished  in  the  ordinary  producer  by  feeding 
steam  to  the  producer  together  with  the  air.  The  excessive  heat  is 
taken  up  in  the  formation  of  H  which  is  later  given  out  by  the  com- 
bustion of  this  H  in  the  engine  cylinder.  In  order,  therefore,  to  elim- 
inate the  H  from  the  gases  going  to  the  engine  cylinder,  it  is  neces- 
sary to  lower  the  temperature  in  the  producer  by  some  other  means. 
This  was  accomplished  in  the  tests  referred  to  above  by  using  the 
exhaust  gases  from  the  engine  to  dilute  the  air  entertaining  the  pro- 
ducer.    The  gas  formed  under  this  condition  contains  CO  as  practi- 
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cally  the  only  combustible  constituent,  and  possesses  a  low  calorific 
value  (about  90  B.  t.  u.  per  cubic  foot).  The  tests  show  an  increase 
in  the  efficiency  of  the  engine,  resulting  from  the  use  of  this  gas. 
This  is  partly  due  to  the  use  of  higher  compression  and  possibly  to 
the  poor  quality  of  the  gas,  which  instead  of  exploding  at  the  begin- 
ning of  the  stroke  with  a  resulting  high  temperature  and  waste  of 
heat  to  the  cooling  water  (which  is  the  case  with  a  gas  high  in  H), 
burns  slowly  so  that  the  heat  is  added  as  the  work  of  expansion  pro- 
ceeds, and  less  waste  to  the  jacket  water  results.  It  is  claimed  that 
the  use  of  this  gas  rendered  the  operation  of  the  plant  more  reliable, 
as  the  absence  of  the  H  makes  the  gas  more  uniform  in  quality,  and 
prevents  premature  ignition.  No  results  are  given  as  to  the  effi- 
ciency of  the  producer,  but  it  is  is  probable  that  any  loss  in  the  effi- 
ciency of  the  producer  will  be  more  than  compensated  bv  the  gain  in 
the  efficiency  of  the  engine. 

author's  closure. 

Since  the  preparation  of  this  paper,  I  have  received  some  very 
interesting  data  on  the  cost  of  operating  a  suction  gas  producer  plant 
for  the  year  1907.  The  data  was  supplied  by  Air.  I.  J.  Babcock, 
Supt.  of  the  A.  B.  Dick  Co.'s  Plant,  161  W.  Jackson" Boulevard' 
Chicago. 

The  power  plant  itself  is  unique  in  its  installation,  its  method  of 
operation  and  its  efficient  output.  The  installation  consists  of  two 
units.  The  principal  unit  consists  of  a  100  h.  p.  gas  producer,  a  100 
h.  p.  twin  gas  engine,  direct  connected  to  a  65  kw.,  230  volt  D.  C. 
generator  and  a  200  ampere  hour  storage  battery,  112  cells  in  a  main 
battery  and  26  end  cells,  used  for  both  light  and  power  purposes. 

The  secondary  unit  consists  of  a  75  h.  p.  gas  producer  and  a  50 
h.  p.  single  gas  engine,  direct  connected  to  a  35  kw.,  230  volt,  D.  C. 
generator.  The  piping  between  the  producers  and  engines  is  such 
that  either  engine  can  be  operated  from  either  producer.  The  small 
producer  will  make  gas  for  the  large  engine  for  a  period  of  six  hours 
without  showing  signs  of  being  overcrowded.  The  smaller  engine 
can  be  operated  when  a  small  amount  of  power  is  needed.  In  case 
the  plant  is  not  in  operation,  light  and  power  can  be  obtained  for 
a  period  of  time  from  the  storage  battery.  In  case  of  exceptionally 
heavy  loads  the  two  engines  can  be  run  in  parallel  to  give  150 
brake  h.  p. 

The  producers  and  engines  were  built  and  installed  by  the  Min- 
neapolis Steel  &  Machinery  Co.  The  plant  has  been  installed  for 
nearly  two  years.  Besides  the  regular  generator,  vaporizer,  super- 
heater and  scrubber  that  go  with  every  producer,  there  are  auxil- 
iary pieces  of  apparatus.  The  blower  for  starting  up  the  generator 
is  driven  either  by  a  3  h.  p.  gas  engine  or  by  a  3  h.  p.  motor.  There 
is  a  one-eighth  h.  p.  motor  on  the  night  stack  which  is  used  when 
starting  up  the  plant  as  the  stack  is  very  high,  extending  to  the  to£ 
of  the  building.    The  manometer  board  has  connections  so  that  one 
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can  quickly  test  out  the  air  resistance  either  through  the  generator, 
wet  or  dry  scrubber,  in  case  the  plant  does  not  operate  properly. 

The  generator  is  charged  at  short  intervals  during  the  day,  rang- 
ing from  one-half  to  two  hours,  depending  upon  the  load.  The 
charge  is  always  70  pounds  of  coal.  The  attendant  judges  by  the 
condition  of  the  top  of  the  fire  when  the  charge  should  be  put  into 
the  generator.  The  fire  is  always  poked  in  the  morning  but  is  never 
pulled  down  so  that  the  red  coals  show  on  the  grate.  The  buck- 
wheat anthracite  coal  is  very  completely  burned,  giving  a  high  grate 
efficiency.  The  best  results  are  obtained  when  the  temperature  of 
the  saturated  air  going  to  the  base  of  the  generator  is  between  140 
and  160  deg.  Fah.  At  this  temperature  the  air  carries  the  right 
amount  of  moisture  so  that  the  producer  gas  does  not  contain  too 
great  a  per  cent  of  hydrogen. 

During  the  year  ending  December  31,  1907,  a  total  of  125,437 
kilowatt  hours  service  was  obtained  from  this  plant.  The  total 
operating  expenses  for  the  year  was  $1,586.46,  which  was  divided 
a?  follows :  Coal,  $550.36 ;  oil,  $54.24 ;  waste,  $1 1.52  ;  water,  $168.00  ; 
gas,  $33.32  ;  attendance,  $422.94 ;  repairs,  $224.50 ;  insurance,  $93.42  ; 
lamp  renewals,  $28.16. 

The  cost  of  operation  per  kilowatt  hour  in  cents,  was  as  follows : 
Coal,  0.439;  °il>  °-°43  '■>  waste,  0.009;  water,  0.134;  gas,  0.027;  at- 
tendance, 0.337;  repairs,  0.179;  insurance,  0.075;  lamp  renewals, 
0.022.     Giving  a  low  total  cost  of  1.26  cents  per  kilowatt  hour. 

One  man  looks  after  the  plant,  heating  boilers,  sprinkler  system, 
and  cleans  and  oils  all  the  motors  so  that  only  half  of  his  time  is 
charged  to  the  producer  plant.  While  the  plant  is  operated  at  only 
52  per  cent  of  its  rated  capacity,  yet  as  compared  with  the  Edison 
service  that  was  used  for  five  years  it  shows  a  profit  of  10  per  cent 
after  charging  off  10  per  cent  for  depreciation. 


SOME  RESULTS  DUE  TO  IMPROVEMENT  IN  BOILER  AND  FURNACE  DESIGN 

By  A.  Bement,  m.w.s.e. 

Presented  December  i8,  1907. 

INTRODUCTORY. 

This  paper  is  not  intended  as  a  criticism  of  any  style  of  boiler  set- 
ting or  scheme  of  furnace  design.  It  is  presented  as  one  feature  of 
an  extended  study  to  improve  on  present  practice,  which  can  be  ma- 
terially advanced.  The  reason  comparison  has  been  made  with  the 
Fisk  Street  Station  of  the  Commonwealth  Edison  Company,  is  that 
this  plant  contains  the  best  and  latest  design  of  Babcock  &  Wilcox 
boilers  served  by  chain  grate  stokers,  and  burning  bituminous  coal 
screenings.  Further,  these  units  have  many  improvements  and  refine- 
ments, devised  by  engineers  of  the  Commonwealth  Edison  and  the 
Babcock  &  Wilcox  Companies.  This  station  owing  to  its  superior 
turbine  equipment  makes  steam  at  a  much  less  cost  than  any  other 
electric  generating  station  in  the  world,  thus  the  highest  possible 
standard  has  been  selected  for  comparison  with  the  improved  boiler. 

The  owner  of  this  boiler  was  very  well  satisfied  with  its  perform- 
ance, Mr.  Greene  having  made  several  tests  before  those  reported  in 
the  paper  were  run.  It  was,  however,  considered  desirable  to  have 
data  comparable  with  that  from  other  sources,  because  it  was  not 
sufficient  that  it  had  shown  a  very  large  reduction  in  fuel  cost  over 
other  boilers  in  his  plant,  and  it  was  for  this  reason  that  three  addi- 
tional tests  were  made  with  especial  care,  at  which  the  author  of  this 
paper  was  present,  rather  in  his  own  interest  than  as  a  representative 
of  others.  The  Cedar  Rapids  &  Iowa  City  Railway  &  Light  Com- 
pany engaged  the  Fuel  Engineering  Company  as  its  representative, 
which  company  sent  two  men  for  the  work,  although  the  tests  were 
more  particularly  under  the  direction  of  Mr.  F.  Chauvet,  Fuel  Engi- 
neer of  the  Fisk  Street  Station.  The  author  was  present,  however, 
during  the  entire  period  of  each  test  and  watched  every  detail  of  the 
work,  but  none  of  the  entries  in  the  records  were  made  by  him.  Mr. 
W.  J.  Greene  was  also  present  during  nearly  the  entire  period  of  each 
of  the  tests  and  also  watched  details  closely. 

The  Fuel  Engineering  Company  was  represented  by  Messrs.  F.  B. 
'  >rr  and  J.  Morowski,  who,  together  with  Mr.  Chauvet,  were  assisted 
by  employes  in  the  station,  who  had  experience  in  such  work  in  mak- 
ing boiler  tests  for  Mr.  Greene.  Thus  the  tests  may  be  considered 
as  having  been  jointly  conducted  by  four  independent  and  responsible 
parties,  namely,  the  owner  of  the  boiler,  Mr.  Chauvet,  the  Fuel  Engi- 
neering Company  and  the  designer  of  the  boiler.  After  the  tests 
were  completed  the  records  were  compiled,  and  a  summary  of  the 
observations  drawn  up  and  signed  by  Mr.  Chauvet,  the  representative 
of  the  Fuel  Engineering  Company  and  the  author. 

Although  in  the  appendix  following  the  paper  the  source  of  the 
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data  is  given,  yet  it  is  well  again  to  direct  attention  to  the  fact  that 
the  results  for  the  Fisk  Street  performance  is  a  compilation  of  data 
from  different  tests  which  the  author  has  arranged  in  comparison 
with  the  results  of  three  tests  of  the  improved  boiler  in  Tables  i  and  2. 
Data  for  the  following  values  used  therein  were  furnished  by  Mr. 
Chauvet.  Fuel  Engineer  of  the  Fisk  Street  Station : 

Horsepower, 

CO,  in  combustion  gases, 

Final  temperature  of  escaping  gases, 

Strength  of  draft. 

In  determining  the  loss  of  fuel  in  the  refuse,  special  tests  and 
samplings  were  made  by  him.  All  other  data  is  from  his  reports  of 
tests  mentioned  in  the  appendix. 

The  testing  department  of  the  Commonwealth  Edison  Co.  fur- 
nished the  following  data : 

Analysis  of  coal  and  refuse  for  both  the  Chicago  and  Cedar  Rapids 
tests, 

Loss  in  hot  gases  for  all  tests. 

It  was  the  object  to  have  as  many  people  participate  in  the  work  as 
possible.  Thus  the  author  appears  before  you  more  particularly  as  a 
compiler  presenting  conclusions  drawn  from  evidence  submitted, 
rather  than  as  a  writer  offering  experiments  of  his  own,  yet  having 
a  personal  knowledge  of  all  of  the  data  employed,  and  it  is  trusted 
that  the  manner  of  presentation  is  such  as  to  excite  an  active  criticism, 
that  the  truth  of  the  matter  may  appear  without  question.  There- 
fore, in  order  that  it  may  not  seem  intricate  and  complicated,  it  is 
well  to  say  that  the  objects  of  the  tests  were  to  determine  two  things, 

1.  Did  the  presence  of  the  tile  roof  insure  complete  combustion? 

2.  Did  the  presence  of  this  tile  roof  injure  the  heat  aborbing 
capacity  of  the  boiler  as  compared  to  a  similar  boiler  without  a  fur- 
nace roof? 

Thus  the  inquiry  concerned  itself  only  with  the  matters  of  com- 
bustion and  heat  absorption,  and  that  tests  be  strictly  comparable, 
required  that  the  two  following  conditions  be  the  same  for  each  boiler. 

A.  Temperature  of  combustion,  or  in  other  words  per  cent  COz. 

B.  Horsepower  developed  in  each  boiler. 

Thus  it  appears  that  stoker  action  could  have  no  direct  influence  on 
the  problem,  because  any  measure  of  evaporation  or  efficiency  secured, 
must  be  based  on  fuel  actually  taking  part  in  the  combustion  process 
as  distinct  from  the  larger  quantity  fed  to  the  stoker,  a  portion  of 
which  was  lost  in  the  ash  pit  refuse  and  therefore  took  no  part  in  pro- 
ducing combustion.  Thus  comparative  evaporation  per  pound  of 
fuel  must  be  based  on  that  actually  burned  instead  of  on  the  quantity 
as  fed,  and  if  CO,  differed,  credit  should  be  given  to  the  test  in  which 
it  was  lowest.  Thus  CO,  was  lower  in  the  case  of  improved  boiler 
No.  10  and  for  this  reason  the  Fisk  Street  boiler  was  at  an  advantage 
compared  with  it.     Also,  a  considerable  quantity  of  the  fuel  passed 
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into  the  refuse  and  did  not  enter  into  the  combustion  process,  there- 
fore the  portion  of  fuel  which  entered  into  this  process  was  very 
much  smaller  than  that  with  the  Fisk  St.  boiler.  These  facts  should 
be  kept  in  mind,  otherwise  confusion  in  discussing  the  paper  will 
ensue. 


The  Paper  as  Presented. 

It  is  now  some  six  years  since  Mr.  W.  L.  Abbott  applied  a  tile 
furnace  roof  to  Heine  water  tube  boilers  equipped  with  chain  grate 
stokers  in  the  Harrison  Street  power  station  of  the  Common- 
wealth Edison  Company  in  Chicago,  thereby  producing  what  may 
be  designated  as  a  smoke  proof  furnace,  to  which  the  appear- 
ance of  the  four  chimneys  serving  these  boilers  has  since  testified. 
The  tiles  used  have  been  recentlv  described.* 


Fig.  1.   improved  Boiler  No.  10  with  tile  furnace  roof  which  prevents  gases  com- 
ing directly  in  contact  with  tubes,  and  insures  com- 
plete and  smokeless  combustion. 

While  the  application  of  this  tile  roof  to  Heine  and  similar  boilers 
has  been  quite  general,  its  use  in  connection  with  the  Babcock  & 
Wilcox  type  has  developed  slowly,  and  it  is  only  recently  that 
marked  progress  has  been  made,  although  the  advantage  to  be  de- 
rived from  such  improvement  was  recognized  in  Chicago  some  five 

♦Journal  W.  S.  E  ,  December  1906,  Vol.  XI,  Page  7.51. 
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years  ago  and  its  adoption  recommended  at  that  time.  There  are 
now  available,  however,  some  excellent  data  bearing  on  the  subject, 
which  it  is  the  purpose  of  this  paper  to  present. 

About  two  years  ago  the  Cedar  Rapids  &  Iowa  City  Railway 
&  Light  Company,  through  Mr.  W.  J.  Greene,  Manager  of  its 
lighting  department,  contracted  with  the  Stirling  Consolidated 
Boiler  Co.  for  an  improved  boiler  after  the  author's  design.  It 
has  now  been  in  operation  one  year  with  very  satisfactory  results. 
It  is  known  as  No.  10  in  the  plant  where  it  is  in  use,  and  will  be 
hereinafter  referred  to  by  that  number. 


:T-  '•■-■         t       •  ;*^T-> 
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Fig.  .2 — Standard  Babcock  &  Wilcox  setting  illustrating  type  of  apparatus  in 
Fisk  Street  Station. 

Fig.  i  shows  a  boiler  built  to  a  second  order  for  the  same  com- 
pany by  the  Babcock  &  Wilcox  Company,  successor  to  the  Stir- 
ling Consolidated  Boiler  Company.  This  second  boiler  which 
may  be  designated  as  No.  n,  is  equipped  with  a  superheater.  The 
first,  or  No.  10,  has  not  as  yet  been  so  fitted,  but  it  is  the  inten- 
tion to  do  so  in  the  near  future,  when  turbines,  now  arranged 
for,  are  installed.  Therefore  Fig.  i,  by  considering  the  super- 
heater absent,  serves  to  show  boiler  No.  10  exactly  as  it  is  a*nd 
was  when  tested,  and  with  the  superheater  regarded  a  part  of  it, 
illustrates  what  this  apparatus  and  future  boilers  will  be. 

Some  standard  for  comparison  is  required  to  which  the  tests 
of  boiler  No.  10  are  applicable  and  may  be  referred,  therefore 
comparison  is  made  with  boilers   in   the   Fisk   Street  electric  gen- 


Bement — Boiler  and  Furnace   Design 


213 


erating  station  of  the  Commonwealth  Edison  Company  in  Chi- 
cago, a  description  of  which  appears  together  with  other  data,  in 
an  appendix  hereto,  although  Fig.  2  shows  a  setting  of  this 
character.  These  Fisk  Street  boilers  are  selected  because  they 
are  also  served  by  chain  grate  stokers,  and  represent  the  very 
best  and  latest  examples  of  apparatus  designed  by  the  builder, 
and  are  fired  with  bituminous  coal. 

A  comparison  between  the  Fisk  Street  boilers  and  this  improved 
No.  10  is  shown  by  a  comparative  heat  balance,  Table  No.  1. 

TABLE    NO.    1. 

Distribution  of  Heat  From  Coal  Burned. 

comparative   basis   between   boileks. 

Babcock  & 
Wilcox  Boilers 
Improved       at  Fisk  St 
Boiler  No.  10.  Station. 

Usefully  employed  in  making  steam 80.18%  68.32% 

Lost  in  hot  gases 18.34%  19.96% 

Lost  by  radiation  and  unaccounted  for 1.48% 

Lost  by  radiation 1.48% 

Lost  unaccounted  for   10.24% 

Total    1 00.00  1 00.00 


Fig  3. — Glass  model  representing  boiler,  used   in  experiments  showing   that  man- 
ner of  heat  application  had  no  effect  on  direction  of  circulation. 
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The  results  as  to  horsepower  capacity  produced  by  the  boilers 
is  equally  as  favorable  to  boiler  No.  10  as  that  of  efficiency,  as 
set  forth  in  Table  No.  2. 

TABLE  No.  2. 

COMPARATIVE  CAPACITY. 

FiskSt  Boiler 

based  on  aver- 

Improved       age  of  27  tests 

Boiler  No.  10       in  appendix 

Builders'  horsepower  rating 400  500 

Heating  surface  in  boiler,  sq.  ft 4000  5200 

Heating  surface  in  superheater,  sq.  ft 0.00  960 

Heating  surface,  total  sq.  ft 4000  6160 

Grate  area  in  sq.  ft 72  90 

Height  of  chimney  in  feet 130  250 

Draft  over  fire,  in  inches  of  water O.262  O.713 

Horsepower  developed 624.5  812.3 

Correct  relative  horsepower  rating,  on  basis  of 

8.05%  of  work  being  done  by  superheater  for 

Fisk  Street  boilers  400  543-7 

Square  feet  of  heating  surface  per  horsepower 

developed  on  basis  of  4000  and  5437  sq.  ft ...  .  6.40  6.69 

Ratio  of  correct  horsepower  ratings 1.00  1.36 

Ratio  of  horsepowers  developed 1.00  1.30 

Ratio  of  drafts  at  fire i.OO  2.72 

Ratio  of  grate  surfaces 1 .00  1 .25 

Ratios  of  sq.  ft.  of  heating  surface  required  per 

horsepower  developed 1.00  1.04 

Ratios  of  horsepower  developed  with  equal  draft 

for  both  boilers 1.12  1.00 

Ratio  of  capacities  developed  per  sq.  ft.  of  heating 

surface  with  equal  draft  for  both  boilers 1.53  1.00 

The  fact  that  the  rate  of  working  is  nearly  the  same  per*  unit  of 
surface,  notwithstanding  the  Fisk  Street  boilers  have  the  advant- 
age of  a  stronger  draft  above  the  fire  by  272%  is  significant,  show- 
ing the  influence  of  the  tile  roof  furnace  on  the  rate  at  which  the 
coal  will  burn,  something  which  the  author  has  observed  many 
times  before. 

The  complete  data  for  the  three  tests  which  were  made  on 
boiler  No.  10  are  given  in  the  appendix;  that  for  the  Fisk  Street 
boilers,  however,  is  compiled  from  a  large  number  of  tests  and 
for  that  reason  it  is  not  feasible  to  present  the  large  mass  of 
matter  which  the  full  details  would  require,  but  complete  ex- 
planation is  given,  and  as  an  act  of  good   faith,  the  number  or 
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dates  of  these  experiments  are  quoted  as  they  appear  in  the  test 
records. 

One  significant  feature  of  tests  Nos.  i,  2  and  3  of  boiler  No.  10 
is  the  smallness  of  the  combined  item  of  heat  lost  by  radiation 
and  unaccounted  for,  which  is  1.27%,  1.48%  and  0.92%,  respect- 
ively ;  not  only  is  it  uniform  but  very  low  in  amount  for  each, 
much  less  than  in  any  other  tests  with  Western  bituminous  coal 
wherein  an  accurate  determination  of  heating  power  of  the  coal 
was  made,  with  which  the  author  is  familiar.  This  tends  to  show 
that  combustion  was  complete,  as  further  evidenced  by  the 
appearance  of  the  chimney,  which  gives  no  indication  whatever 
of  smoke,  except  when  fire  is  first  started  under  the  cold  boiler, 
while  on  the  other  hand,  the  regular  Babcock  &  Wilcox  setting, 


Fig.  4 — Sketch  showing  original  idea  for  furnace  roof  applied  to 
Babcock  &  Wilcox  boiler. 

such  as  shown  by  Fig.  2,  makes  a  serious  amount  of  smoke,  and 
resulting  in  the  tests  of  the  Fisk  Street  boilers,  in  a  heat  loss 
therein  of  10.24%. 

One  of  the  things  which  has  caused  many  people  to  hesitate  in 
the  adoption  of  the  setting  shown  by  Fig.  1,  is  a  fear  that  dis- 
charging the  heat  from  the  furnace  on  the  back  or  lower  end  of 
the  boiler,  would  result  in  a  "reversal"  in  the  circulation  of  the 
water.  No  such  indication,  however,  has  been  observed  in  this 
boiler  No.  10,  or  with  several  others  fitted  with  tile  roof  fur- 
naces, but  to  test  the  matter  the  author  employed  a  glass  model 
Fig.  3,  and  experiments  showed  conclusively  that  the  circulation 
proceeded  in  the  same  direction,  whether  the  bank  of  tubes  was 
heated  at  the  back  on  the  lower  end,  or  at  the  front  on  the  higher 
end. 

In  1902,  the  idea  of  fitting  a  furnace  roof  to  the  Babcock  & 
Wilcox  boiler  suggested  itself  to  the  author,  and  at  that  tim*  he 
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made  a  rough  sketch,  a  fac-simile  of  which  is  shown  by  Fig.  4. 
This  scheme,  however,  was  abandoned  for  obvious  reasons,  but 
recently,  it  has  been  proposed  to  again  adopt  it  in  connection  with 
that  boiler,  using  either  a  roof  constructed  by  brick  or  tile  arches, 
or  composed  of  the  special  tiles  surrounding  the  lower  row  of 
tubes.  Therefore  the  author  shows  this  scheme  in  its  least  objec- 
tionable form  in  Fig.  5,  which  consists  in  turning  the  boiler  around 
and  setting  the  stoker  under  the  lower  end.  As  compared  to  the  de- 
sign in  Fig.  1,  this  plan  has  the  following  objectionable  features: 


Fig.  5 — Plan  for  setting  stokers  under  low  end  of  boiler.     Design  requiring 
abnormally  high  setting  walls. 

1.  It  requires  a  greater  height  in  the  setting  of  some  4.5  feet 
with  correspondingly  larger  investment  and  maintenance  of  the 
netting  itself. 

2.  It  increases  the  investment  in  boiler  house  building,  owing 
to  the  necessity  of  its  being  4.5  feet  higher. 

3.  The  cost  of  maintenance  of  the  high  and  massive  furnace 
walls  will  be  much  greater  than  in  the  other  design. 

4.  The  mud  drum  will  be  over  the  ignition  arch. 

3      If  experience  with  "flat"  and  "sloping"  ignition  arches  can 
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be  taken  as  an  indication,  a  furnace  roof  which  rises  toward  the 
back,  is  not  as  effective  in  producing  complete  combustion  as  one 
which  pitches  downward  toward  the  back  as  does  that  of  Fig.   i. 

APPENDIX. 

To  avoid  encumbering  the  main  portion  of  the  paper  with  a  large  amount  of 
detailed  matter,  the  basis  for  the  conclusions  which  have  been  presented  in  the 
foregoing  is  giver,  in  the  following  sections. 

The  object  of  these  investigations  was  to  determine  the  efficiency  of  combustion 
and  heat  absorption  secured^with  the  two  different  types  of  apparatus.  For  that 
reason  coal  produced  by  the  Illinois  Midland  Coal  Company,  which  corporation 
furnishes  much  of  the  fuel  used  in  making  steam  with  the  Chicago  boilers,  was 
shipped  to  Cedar  Rapids,  Iowa,  for  use  in  tests  of  boiler  No.  10.  The  setting 
of  the  stoker  and  the  arrangement  of  the  water  back  for  this  boiler  at  Cedar 
Rapids  were  adjusted  in  accordance  with  the  requirements  for  burning  Iowa 
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Fig.  6.    Curve  showing  relation  of  horse-power  to  draft.     Boilers  of  Fisk 

Street  Station. 

screenings  which  were  considered  to  contain  often  as  high  as  35%  ash.  neces- 
sitating a  large  opening  at  the  end  of  the  grate  under  the  water  back  for  the 
exit  of  such  an  amount  of  refuse;  therefore  when  the  Illinois  coal  containing 
less  than  one-half  as  much  ash  was  used  in  the  tests,  it  required  that  either  a  large 
amount  of  fuel  be  allowed  to  enter  the  pit  with  the  ash,  or  else  leave  a  serious 
opening  at  the  rear  end  of  the  grate  at  which  air  would  enter  in  such  volume 
as  to  so  harmfully  affect  the  result  by  loss  of  heat  in  the  hot  gases,  as  well  as 
the  horsepower  capacity  obtained,  that  the  results  would  not  be  comparable 
with  the  performance  of  the  Fisk  Street  boilers.  Inasmuch,  however,  as  the 
object  of  these  tests  did  not  in  any  way  concern  itself  with  fuel  loss  in  the 
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refuse,  its  amount  is  entirely  immaterial,  because  the  inquiry  did  not  embrace 
stoker  action. 

The  results  of  the  Fisk  Street  performance  are  compiled  from  a  large  num- 
ber of  tests,  while  those  for  the  improved  boiler  No.  10  are  from  three  tests 
given  in  Table  Xo.  3. 

THE  COAL    USED. 

As  before  mentioned,  it  was  desirable  in  making  tests  of  boiler  No.  10  at 
Cedar  Rapids,  to  have  the  conditions  as  far  as  possible,  correspond  to  those 
under  which  the  Chicago  boilers  operated,  therefore  coal  was  shipped  from  one 
of  the  mines  of  the  Illinois  Midland  Coal  Company  operating  in  the  Springfield 
District  of  Illinois,  which  district  supplies  much  of  the  coal  burned  under  the 
Chicago  boilers.  The  composition  of  this  coal  on  the  basis  of  pure  coal  and 
combustible,  is  given  as  follows : 

Pure  Com- 

Coal  bustible 

Carbon    74-86  89.50 

Hydrogen,  available   3.92  469 

Sulphur,  less  S  in  Ash 4.86  5.81 

Nitrogen    1.23 

Water  of  Combination 15.13 

T< rtal    Combustible    83.64  100.00 

Total  Non-  Combustible  16.36 

Moisture  and  ash  values  are  given  in  Table  No.  3. 

The  tests  from  which  the  average  for  the  efficiency  value  was  compiled  for 
the  Fisk  Street  boilers,  were  made  with  the  Illinois  Midland  coal.  Those, 
however,  supplying  the  average  horsepower  value  are  not  all  from  such  coal, 
a  superior  quality  from  the  southern  part  of  Illinois  being  used  in  a  number 
of  cases,  and  for  this  reason  gave  a  higher  capacity  than  would  have  been 
obtainable  had  the  above  coal  only  been  used,  but  the  value  is  employed  never- 
theless, as  the  figure  of  812.3  is  an  average  of  certain  twenty-seven  tests 
which  has  been  generally  accepted  as  the  representative  capacity  of  the  boilers. 

DATA    FOR    EFFICIENCY,    l8   TESTS. 

The  average  efficiency  based  on  coal  as  fed  for  the  Fisk  Street  boilers  is 
from  eighteen  tests  Xos.  14,  14A,  14B,  15,  19,  20,  21,  23,  24,  25,  26,  27,  28.  34,  35, 
36,  2,7  and  38  made  between  March  15th  and  June  25th,  1907,  and  the  efficiency 
originally  reported  upon  the  basis  of  the  specific  heat  of  superheated  steam 
as  0.75  has  been  recalculated,  using  this  factor  as  0.503,  fas  determined  by 
Messrs.  Osc.  Knoblauch  and  Max  Jakob,  and  reported  in  the  Zeitschrift  des 
Vereines  deutscher  Ingenieure,  issues  of  January  19th  and  26th,  1907,  under  the 
title  of  Relation  of  the  Specific  Heat  Cp  of  Steam  to  Pressure  and  Tempera- 
ture), which  save  an  average  efficiency  of  64.23%.  The  heating  power  of  the 
coal  as  originally  determined  with  the  Parr  calorimeter  was  somewhat  too 
high,  averaging  14.375  B-  t.  u.  in  the  pure  coal,  which  when  corrected  to  the 
Mahler  calorimeter,  became  14.000,  therefore  the  efficiency  of  64.23  was  cor- 
rected to  65.95^.  Inasmuch,  however,  as  the  boilers  on  which  these  tests  were 
made  are  fitted  with  a  hopper  at  the  front  end  of  the  chain  grate  stoker,  into 
which  the  fine  coal  which  leaks  through  the  grate  drops,  are  so  arranged  that 
it  is  impossible  to  gather  these  drippings  and  return  them  immediately  to  the 
stoker,  (as  was  done  in  the  tests  of  boiler  Xo.  10)  the  accumulation  during  a 
test  was  determined,  and  the  weight  subtracted  from  the  coal  fed  to  the  stoker; 
the  average  amount  of  coal  which  so  accumulated  during  these  tests  was 
7  t';  of  that  furnished  to  the  stoker.  Inasmuch,  however,  as  this  fine  coal  in 
its  escapement  from  the  grate  always  carried  a  little  ash  with  it,  this  amount  of 
7.1"'  should  have  been  6.64%,  therefore  a  further  correction  has  been  made  for 
this  reason,  which  gives  an  efficiency  of  65.65%  based  on  the  coal  fed  to  the 
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stoker,  of  which  there  was  a  loss,  by  weight,  of  2.67%  by  carbon  in  the  refuse; 
therefore  efficiency  based  on  coal  burned,  assuming  no  loss  in  refuse,  is  obtained 
by  subtracting  the  sum  of  the  total  losses  from  100,  which  is  equivalent  to 
65.65  plus  2.67=68.32%. 

In  comparative  tests  of  this  character,  it  is  desirable  and  necessary  to 
secure  a  condition  of  combustion  which  will  be  the  same  in  each  case.  The 
average  COj  for  the  Fisk  Street  boilers  being  9.52,  the  same  should  have  been 
obtained  in  the  tests  of  boiler  No.  10.  This  boiler,  however,  was  in  a  tempo- 
rary setting  and  the  walls  were  quite  leaky,  so  that  much  air  entered,  and  for 
this  reason  the  CO*  averaged  7.6  in  test  No.  2,  which  of  the  three  was  nearest 
to  the  Fisk  Street  condition ;  therefore  in  comparison  of  efficiency,  test  No.  2 
has  been  taken  as  best  representative  of  the  improved  boiler  No.  10,  and  data 
therefrom  are  employed  in  the  comparative  heat  balance.     Table  No.  1. 

HEAT  BALANCE  FOR  TESTS   NOS.    I,  2  AND  3  OF  BOILER  NO.    10. 

The  following  shows  the  distribution  of  heat  actually  occurring  in  these 
three  tests : 

ACTUAL    DISTRIBUTION    OF    HEAT. 

Tests  of  Boiler  No.  10 
Percentage  of  Heat  i  2  3 

Usefully  employed  in  making  steam 62.48  60.26  66.07 

Lost  in  hot  gases 24.34  22.00  25.99 

Lost  by  carbon  in  refuse 11. 91  16.26  7.02 

Loss  by  radiation  and  unaccounted  for 1.27  1.48  0.92 

Total    100.00  100.00  100.00 

DATA  FOR  HORSEPOWER  CAPACITY,  27  TESTS. 

The  horsepower  value  for  the  Fisk  Street  boilers  of  812.3  is  an  average 
of  twenty-seven  tests  made  on  the  following  dates :  Dec.  24th,  1906,  and  in 
1907 — Jan.  4th,  12th  and  22d,  Feb.  26th,  March  15th,  19th,  20th,  22dL  23d,  26th, 
27th,  28th,  29th,  30th,  April  3d,  9th.  10th  and  24th,  May  6th  and  29th,  June 
4th,  nth,  13th,  14th,  15th  and  24th.  This  figure  of  812.3  has  been  considered 
the  representative  average  horsepower  value  for  the  boilers  in  this  station 
which  are  served  by  the  chimneys  250  feet  high.  A  lower  horsepower  value 
being  recognized  for  those  served  by  chimneys  200  feet  high.  In  the  compari- 
sons, however,  only  the  performance  of  boilers  served  by  these  high  chimneys 
is  considered.  This  accepted  horsepower  value  is  rather  high  than  low,  inas- 
much as  some  large  capacities,  such  as  one  test  of  over  1100  and  three  others 
of  over  1000  horsepower  were  produced  by  a  superior  grade  of  coal  from 
Southern  Illinois  which  does  not  regularly  get  into  the  Chicago  market. 

The  test  on  the  improved  boiler  No.  10  used  in  comparison  with  Fisk  Street 
is  No.  3,  which  gave  624.5  horsepower.  This  is  taken  as  representative  for  that 
boiler  rather  than  the  average  of  the  three  tests,  for  the  reason  that  the  horse- 
power value  used  for  the  Fisk  Street  boilers  is  an  especially  favorable  one; 
therefore  test  No.  3  is  more  applicable  to  the  comparison  than  either  that  of 
test  No.  2,  or  an  average  of  the  three. 

The  average  work  performed  in  the  superheater  of  the  Fisk  Street  boilers 
is  8.05%.  therefore  the  horsepower  rating  of  500  which  is  .based  on  heating 
surface  corrected  as  follows  ( 100X8.05  )-f~9i. 95=8.75,  as  the  percentage  of 
work  in  the  superheater  to  that  in  the  boiler.  Thus,  500X1. 0875=543.7  as  the 
correct  rating. 

Diagram  Fig.  6  shows  the  relation  between  draft  and  horspower  output 
for  these  large  boilers.  If  the  draft  prevailing  in  tests  of  boiler  No.  10  is  located 
on  this  curve,  it  will  be  observed  that  the  corresponding  developed  capacity 
for  the  large  boikrs  is  less  than  that  secured  by  the  smaller  No.  10,  showing 
that  the  Fisk  Street  boiler  although  36  per  cent  larger  would  produce  less 
capacity  than  the  smaller  one. 
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LOSS  IN  HOT  GASES. 

The  following  tabulation  will  afford  data  bearing  on  this  feature  of  the 
matter  : 

Babcock  & 
Wilcox  Boilers 
Improved      at   Fisk  St. 
Boiler  No.  10.  Station. 

Temperature  of  escaping  gases 525-5o  570.6o 

Percent  C02  in  flue  gases 7-6o  9.52 

Heating  surface  required  per  horsepower  developed  sq.  ft.     6.40  6.69 

Steam   pressure    125.30  180.00 

Temperature  of  steam,  Deg.  F 352.8o  379-5° 

Excess  in  steam  temperature,  Deg.  F 26.70 

Excess  temperature  in  escaping  gases.  Deg.  F 45-10 

from  which  it  appears  that  boiler  No.  10  had  the  advantage  of  lower  steam 
temperature,  which  fact,  of  course,  did  have  an  influence  on  the  final  temper- 
ature of  the  gases.  Inasmuch,  however,  as  the  excess  temperature  in  gases 
is  much  greater  than  that  between  the  steam  in  the  two  cases,  it  shows  con- 
clusively that  the  coohng  capacity  of  the  large  boiler  is  inferior  to  that  of  No. 
ro,  especially  when  the  fact  is  considered  that  the  CO2  for  boiler  No.  10  is 
much  lower  than  that  which  prevailed  with  the  other,  which  influence,  of 
course,  is  much  greater  than  that  due  to  difference  in  steam  temperature ; 
therefore  in  calculating  the  loss  in  hot  gases  in  Table  No.  1  for  boiler  No.  10, 
the  final  temperature  is  taken  as  525.5.  the  average  in  test  No.  2,  and  the  loss 
for  Fisk  Street  boilers,  is  based  on  a  final  temperature  of  570.6,  with  9.52% 
CO2.  The  calculations  are  both  based  upon  a  coal  composition  represented  by 
that  in  the  first  section  of  the  appendix. 

CARBON  LOSS  IN   REFUSE. 

This  loss  for  Fisk  Street  Station  was  determined  by  collecting  samples  of 
refuse  which  were  analyzed  as  was  the  coal  which  produced  the  refuse,  and 
the  amount  of  heat  loss  was  determined  by  comparing  the  heat  represented 
in  the  carbon  in  the  refuse  to  the  total  supplied  to  the  stoker  during  the  period, 
and  tests  were  made  by  sampling  refuse  from  the  entire  station,  there  being  some 
thirteen  experiments  in  all.  The  analysis  based  on  the  sample  from  the  entire 
station  showed  a  heat  loss  by  carbon  in  refuse  of  1.94%,  Which  seems  to  be 
representative  of  regular  working  conditions.  Those  tests,  however,  which 
were  made  on  single  boilers,  wherein  attention  was  given  to  the  apparatus 
during  the  entire  period  of  experiment,  the  loss  proved  to  be  2.67%,  and  this 
appears  to  be  the  representative  value  which  should  be  used  for  the  Fisk 
Street  boilers,  inasmuch  as  other  data  employed  was  produced  under  similar 
conditions.  Therefore  this  figure  was  used  in  connection  with  the  efficiency 
of  65.65.  loss  in  hot  gases  of  19.96  and  radiation  of  1.48,  the  sum  of  which  is 
89.76%,  leaving  10.24%  of  the  heat  not  accounted  for,  or  in  other  words,  lost 
in  smoke. 

LOSS   BY   RADIATION   AND   UNACCOUNTED   FOR. 

In  test  No.  2  of  improved  boiler  No.  io,  the  heat  losses  by  radiation  and 
that  unaccounted  for  as  obtained  by  difference,  is  1.48%,  and  inasmuch  as  no 
separation  of  these  losses  was  feasible,  no  attempt  was  made  to  do  so,  there- 
fore this  figure  stands  as  representing  these  combined  losses  for  boiler  No. 
10,  which  may  be  a  little  high  for  radiation  alone.  These  losses  for  the  Fisk 
Street  boilers  obtained  in  the  same  manner,  or  in  other  words,  by  difference, 
is  11.72%,  and  it  is  here  necessary  to  make  a  separation  between  the  two; 
therefore,  assuming  the  radiation  to  be  1.48%  for  the  Fisk  Street  boilers,  the 
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same  as  that  allotted  to  both  radiation  and  unaccounted  for,  for  boiler  No.  10. 
leaves  a  difference  of  10.24^  lost  in  escaping  hydrocarbons  and  smoke  for  the 
Fisk  Street  boilers. 

LOSS    OF    HEAT    IN    STOKER    WATER    BACK. 

The  stoker  water  backs  at  Fisk  Street  are  connected  with  the  boilers,  so 
that  all  heat  which  is,  absorbed  by  them  is  actually  employed  in  making  steam. 
In  the  case  of  boiler  No.  10,  however,  the  water  back  was  detached  from  the 
boiler,  being  supplied  from  an  independent  source  with  discharge  to  a  hot  well, 
therefore  for  results  to  be  comparable  required  that  a  correction  be  made  for 
the  water  flowing  through  the  water  back,  which  was  done  by  measuring 
its  initial  and  final  temperature  and  the  rate  at  which  it  flowed,  the  result  from 
one  test  being  applied  to  tests  Nos.   1,  2  and  3. 

DETERMINATION  OF   HEATING  VALUE  IN   COAL. 

All  B.  t.  u.  values  of  coal  used  in  this  connection  are  based  upon  determina- 
tions with  the  Mahler  calorimeter;  therefore  possess  an  unusual  degree  of 
accuracy. 

WATER  MEASUREMENTS. 

All  water  measurements  for  the  Fisk  Street  boilers  were  made  by  special 
Keystone  hot  water  test  meters  furnished  by  the  Pittsburg  Meter  Company 
and  carefully  calibrated.  In  the  tests  of  boiler  No.  10,  however,  the  water 
was  measured  by  a  Keystone  hot  water  meter  and  also  in  calibrated  tanks. 
In  addition,  the  meter  was  carefully  calibrated  before  and  after  the  tests  and 
found  to  be  accurate  in  each  instance.  In  this  connection  the  author  wishes  to 
say  he  has  had  much  experience  with  this  type  of  meter,  and  that  when  it  is 
new  and  in  good  condition  its  accuracy  may  be  depended  upon ;  the  only 
danger  to  be  apprehended  is  from  the  instrument  becoming  worn  in  servicej 
but  if  used  intelligently,  much  greater  reliance  can  be  placed  upon  measure- 
ments therewith  than  when  water  is  weighed  or  measured  in  tanks,  because 
the  responsible  heads  of  the  test  at  the  start,  and  finish,  may  make  observations 
for  themselves,  which  is  impossible  where  a  record  of  a  large  number  of 
tanks  must  be  made.  Thus  a  reading  of  the  meter  at  start  and  finish  which 
may  be  participated  in  by  all  interested  parties,  gives  conclusive  evidence. 

DESCRIPTION    OF    BOILERS. 

The  Fisk  Street  boilers  are  the  regular  B.  &  W.  pattern.  14  tubes  high  and  18 
wide,  fitted  with  a  double  loop  superheater  of  960  sq.  ft.  area,  served  by  a  chain 
grate  stoker  of  90  sq.  ft.  in  area,  which  discharges  gases  from  the  fire  from 
under  a  flat  ignition  arch  7  ft.  long,  from  which  the  gases  enter  immediately 
among  the  tubes  of  the  boiler  above 

The  ashes  and  refuse  discharge  from  the  rear  of  the  grate  into  an  ash 
hopper  in  the  basement,  from  which  they  find  exit  at  the  bottom  to  a  bucket 
conveyor.  The  fine  coal  which  drops  through  the  front  of  the  chain  grate 
falls  into  a  hopper  located  just  below,  from  which  it  finds  exit  to  the  same 
bucket  conveyor  to  be  returned  again  to  the  coal  bunkers.  The  chimneys 
serving  these  boilers  are  250  feet  high.  The  chain  grate  stokers  are  of  a  new 
type  and  are  much  more  accurately  constructed  than  those  usually  employed. 
Every  provision  has  been  made  to  exclude  leakage  of  air  above  the  fire,  and 
as  the  ash  hoppers  are  closed  there  is  no  opportunity  for  air  to  find  its  way 
above  the  fire  from  this  source. 

Boiler  No.  io'is  in  a  temporary  setting,  made  necessary  by  changes  in  the 
power  plant  of  which  it  is  a  part.  The  brick  work  at  the  time  of  the  test  was 
quite  leaky  and  admitted  a  considerable  amount  of  air.  This  boiler  is  made 
up  of  headers  long  enough  for  14  tubes  in  height.  Inasmuch,  however,  as  the 
second  and  third  rows  of  tubes  were  left  out.  the  boiler  is  really  but  12  high 
by  16  wide,  the  tile  furnace  roof  being  carried  by  the  lower  row  of  tubes  which 
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are  3.5  in.  diameter,  made  so  for  the  purpose  of  insuring  a  thicker  neck  in  the 
tiles.  All  tubes  above  this  lower  row  are  of  the  usual  4  in.  diameter.  The  area 
of  the  chain  grate  stoker  is  72  sq.  ft.  and  the  chimney  130  ft.  high. 

The  ash  and  refuse  from  the  rear  end  of  the  stoker  finds  its  way  into  a 
shallow  pit  which  extends  out  some  distance  in  front  of  the  stoker,  air  leakage 
in  a  measure  being  prevented  from  reaching  the  back  end  of  the  grate  by  a 
swinging  damper  which  makes  a  joint  between  the  stoker  frame  and  the 
bottom  and  sides  of  this  pit,  which  damper  is  raised  when  the  refuse  is  raked 
out ;  during  the  time  of  its  removal,  there  was  a  drop  of  CO*  in  the  flue  gases 
and  also  in  the  amount  of  water  evaporated. 

Unofficial  observations  made  by  some  of  the  staff  assistants  on  the  work, 
might  indicate  that  such  reduction  in  capacity  would  be  sufficient  to  bring 
down  the  total  horsepower  as  much  as  6%.  In  compiling  the  results,  howeevr, 
no  account  of  this  has  been  taken. 

NOTES  EXPLANATORY  OF  TABLE  NO.  3. 

As  has  been  explained,  the  results  of  the  Fisk  Street  performance  as  pre- 
sented, were  based  on  Various  values  submitted  to  the  author.  The  data  for 
efficiency  was  from  one  group  of  18  tests.  Loss  in  refuse  was  determined 
by  a  special  series  of  experiments.  All  other  features  of  the  performance 
were  from  another  selected  group  of  27  tests  mentioned  in  the  appendix. 
The  reason  for  the  adoption  of  this  compilation  method  was  to  enable  different 
people  who  had  adequate  knowledge  of,  but  various  opinions  concerning  the 
matter,  to  contribute,  so  that  the  result  would  not  be  simply  the  conclusions 
of  the  author  alone.  The  principal  values  from  Mr.  Chauvet's  tests  as  given 
to  the  author  are  presented  in  the  first  column  : — 

Values  for  Fisk  Si.  /  crformaticc 
As  they  would  have 
been  if  based  on 
tests  with  coal 
equiva.  to  that 
used  in  the  tests 
As  given,     ot  Boiler  No.  10 

Horsepower     812.3  742.3 

CO2,   per   cent 9.52  8.99 

Temperature  of  escaping  gases 570.60  577-4 

Draft  over  fire " 0.713  0.733 

Per  cent  of  work  in  superheater 8.05  9.56 

However,  this  table  as  now  presented,  containing  all  of  the  values  for  the 
Fisk  Street  performance  in  the  fifth  column  are  an  average  of  these  18  tests. 

In  the  advance  paper  details  were  given  for  tests  Nos.  1,  2  and  3  only,  but 
in  its  present  form  this  table  contains  not  only  details  for  Fisk  Street  perform- 
ance, but  also  another  test  made  on  boiler  No.  10  which  appears  in  the  table 
as  Test  No.  4.  This  additional  test  4  has  been  included  on  account  of  its 
being  made  with  Illinois  coal,  thus  enabling  conclusions  for  the  improved 
boiler  to  be  based  on  a  larger  number  of  tests.  Mr.  Chauvet's  endorsement 
as  to  the  accuracy  of  the  improved  boiler  tests  refers  to  the  first  three,  the 
accuracy  of  the  fourth  being  certified  to  by  W.  J.  Greene,  of  the  Cedar 
Rapids  &  Iowa  City  Railway  &  Light  Co.,  under  whose  direction  it  was  made 
and  reported  to  the  author  of  the  paper.  Slight  changes  have  been  made  in 
some  of  the  figures  of  tests  Nos.  1,  2  and  3  as  originally  presented,  due  to 
an  ultimate  analysis  of  the  refuse  having  been  made,  which,  together  with 
other  features  are  explained  in  the  following,  identified  by  a  number  corre- 
sponding to  the  item  : — 

6.  In  establishing  a  correct  horsepower  rating  for  the  Fisk  Street  boilers, 
the  fact  is  taken  into  consideration  that  a  square  foot  of  heating  surface  in 
the  superheater  is  not  equivalent  in  heat  receiving  capacity  to  an  equal  amount 
of  surface  in  the  boiler,  and  a  correction  is  made  on  this  basis  as  follows : 
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Work  done  by  Superheater 9.56% 

Work  done  by  Boiler 90.44% 

9.56x100 

Increase  for  Superheater =10 

90.44 
Thus  500X1 .1057=552.8. 
the  proper  horsepower  rating  for  the  combination  of  boiler  and  superheater 
having  6,160  sq.  ft.  This  rating  would  vary  according  to  the  amount  of 
work  done  by  the  superheater.  For  example,  if  the  condition  of  combustion 
is  very  good,  with  a  high  CO2  and  high  furnace  temperature,  a  proportionately 
large  amount  of  work  will  be  done  by  the  boiler,  leaving  less  to  be  performed 
in  the  superheater.  On  the  other  hand,  if  the  CO2  and  consequent  initial 
temperature  be  low,  the  boiler  will  do  a  correspondingly  lesser  amount  of 
work  and  the  gases  will  necessarily  reach  the  superheater  at  a  higher  temper- 
ature, and  it  will  perform  more  work  than  under  the  other  condition,  there- 
fore this  figure  for  corrected  rated  horsepower  is  larger  than  originally  pre- 
sented in  Table  Xo.  2.  because  that  figure  was  based  on  the  average  of  27 
tests,  while  the  present  figure  is  based  on  the  proper  group  of  18  tests. 

30.  In  the  original  reports  of  the  tests,  the  average  hourly  weight  of  coal 
fed  to  the  stoker  was  given  as  3736.2  pounds,  which  was  obtained  by  weighing 
the  quantity  shoveled  into  the  stoker  hopper,  and  subtracting  therefrom 
the  weight  of  leakage  through  the  grate.    This  weight  is  corrected  as  follows: 

Leakage   through   grate   as    reported 7-42% 

Correct  leakage  through  grate  on  account  of  4.34%  ash  in  excess  found 

in   fine   coal,   by   analysis 7.10% 

Leakage  that  should  not  have  been  subtracted   from  amount  of  coal 

as   fed    0.32% 

Correct  amount  of  coal  fed  per  hour 3736.2x1.0032=3748.1   lbs. 

52.  The  average  ?ize  of  coal  has  been  designated  in  the  reports  of  the 
U.  S.  Geological  Survey  as  the  average  diameter,  which  is  a  more  definite 
expression,  and  equivalent  in  a  screen  to  the  size  of  perforations  which  will 
allow  one-half  to  go  through  and  the  other  half  to  pass  over.  The  various 
sizes  in  the  preceding  items  42  to  51  are  based  on  the  coal  actually  used  on 
the  stoker  in  the  combustion  process.  As  mentioned  in  the  appendix,  with 
the  Fisk  Street  tests,  all  of  the  leakage  through  the  chain  grate  stoker  was 
accumulated  in  the  regular  fine  coal  hoppers  provided  for  that  purpose, 
weighed  after  the  tests  were  finished  and  the  weight  subtracted  from  the  origi- 
nal weight  of  that  fed  to  the  stoker  hopper,  thus  a  superior  grade  of  coal  was 
used  by  the  stoker  than  that  fed  to  the  hopper,  because  this  fine  coal  was 
not  returned  to  the  stoker,  therefore  items  46  to  52  for  -the  Fisk  Street  coal 
are  corrected  from  the  original  reports  on  this  basis,  by  deducting  from  the 
quantity  through  the  0.25  screen  of  the  original  sizing  test,  7.1  per  cent  of  the 
fine  coal,  and  recalculating  the  new  sizes  as  given  in  items  46  to  51  of  Table 
No.  3.  The  average  diameter  of  coal  as  fed  to  the  hopper  was  0.4923  of  an 
inch,  but  the  size  actually  employed  on  the  grate  in  the  combustion  process 
after  deduction  for  this  7.1  per  cent  fine  coal,  was  0.5681  of  an  inch. 

63.  In  the  original  determinations  of  loss  by  undeveloped  heat  in  ash  pit 
refuse,  the  percentage  of  ash  and  pure  coal  was  determined  by  analysis,  and 
the  pure  coal  in  the  calculations  was  considered  as  carbon,  but  after  the 
presentation  of  the  paper  an  ultimate  analysis  of  the  refuse  was  made  and 
the  loss  calculated  upon  a  more  exact  basis.  As  presented,  the  original 
figures  given  for  loss  by  combustible  in  the  refuse  were  as  follows  : — 

Boiler  No.  10,  Test  No.  1 11.91  per  cent 

Boiler  Xo.   10,  Test  No.  2 16.26  per  cent 

r  Mo.   10.  Test  X'i.  3 7.02  per  ceni 

Fisk    Street    Boiler 2.67  per  cent 

79-  No  account  has  been  taken  of  the  fact  that  the  horsepower  for  the 
Fisk    Street   boiler   was    developed    with    a   better   quality    of   coal   than    was 
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charged  against  it:  as  stated  in  other  portions  of  this  explanation  of  Table 
No.  3,  and  particularly  referred  to  in  the  remarks  concerning  items  88  and  90. 
86.  The  expression  pure  coal  as  gasified  requires  some  explanation.  It  is 
the  equivalent  of  coal  "burned."  In  a  case  of  this  kind,  however,  where  it  is 
the  object  to  show  that  the  process  of  combustion  is  not  complete,  it  is  mani- 
festly out  of  place  to  use  the  word  burned,  as  with  the  Fisk  Street  perform- 
ance the  coal  was  not  completely  burned  but  all  changed  to  gas;  therefore 
it  is  more  definite  and  accurate  to  use  the  term  gasified,  because  it  accurately 
applies  to  the  conditions  in  both  cases. 

87  and  89.  These  items  for  Fisk  Street  show  the  measure  of  efficiency 
for  this  boiler  according  to  the  original  report  as  slightly  corrected  for  in 
item  30,  and  represents  the  efficiency  obtained  with  a  better  grade  of  coal 
than  was  charged  against  the  boiler  due  to  7.10  per  cent  falling  through  the 
stoker  to  the  fine  coal  hopper  without  being  used  in  the  combustion  process. 

88  and  90.  These  items  show  what  the  efficiency  would  have  been,  if  the 
fine  coal  which  dropped  through  the  stoker  into  the  fine  coal  hoppers  had 
been  returned  to  the  stoker  and  used  in  the  combustion  process,  as  was  done 
in  the  tests  of  the  improved  boiler.  These  values  were  obtained  by  reducing 
the  reported  efficiencies  in  the  same  ratio  as  those  corresponding  to  the  aver- 
age diameter  of  coal  fed  and  coal  used  (0.4923  and  0.5681)  as  shown  in 
Journal  Western  Society  of  Engineers,  Vol.  XI,  p.  537,  Fig.  5.  The  efficiencies 
of  this  diagram  corresponding  to  the  average  sizes  of  the  Fisk  Street  tests 
are  as  follows  : — 

Efficiency. 

For  average  size  0.4923 58.9% 

For  average  size  0.5681 61.4% 

Efficiency   ratio    0.9593 

DISCUSSION. 

President  Abbott:  The  steam  users  of  this  country  during  the 
present  year  will  have  paid  about  $1,000,000,000  for  fuel  used  upon 
the  grates  under  their  boilers.  Of  the  enormous  quantity  repre- 
sented by  this  sum,  it  is  safe  to  say  that  half  is  wasted.  Under 
favorable  conditions  it  might  be  possible  to  save  half  of  this  waste 
and  although  general  operating  conditions  are  not  always  favorable, 
it  is  not  improbable  that  with  improved  apparatus  and  greater  intel- 
ligence in  its  manipulation  at  least  one  quarter  of  this  waste,  or  $125,- 
000,000  worth  of  fuel  per  year  might  have  been  saved.  In  the  inter- 
est, therefore,  of  preventing  this  great  waste  which  is  going  on, 
thereby  saving  posterity  their  share  of  the  heritage  of  the  wealth 
which  yet  is  stored  up  in  the  coal  seams,  the  discussion  of  ways 
and  means  of  improving  boiler  efficiency  is  a  live  and  intensely  prac- 
tical subject,  and  it  is  hoped  that  the  presentation  of  this  paper,  and 
of  others  of  the  same  kind,  will  create  an  interest  in  this  important 
matter  which  will  help  us  to  improve  the  efficiency  of  our  steam 
plants  so  that  we  may  realize  the  great  saving  which  we  all  know  is 
possible. 

Mr.  H.  Boyd  Brydon,  (with  Sargent  &  Lundy,  Chicago)  :  I  have 
listened  to  this  paper  with  much  interest,  and  possibly  some  of  us 
have  listened  to  it  with  not  a  little  confusion  of  mind.  I  have  been 
at  considerable  loss  to  ascertain,  either  from  the  paper  itself  or  from 
Mr.  Bement's  corrections  and  amendations,  just  exactly  how  this 
efficiency  of  80.18  per  cent,  was  obtained.     In  the  A.  S.  M.  E.  code 
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for  testing  boilers,  there  is  a  method  given  by  which  the  efficiency  of 
a  boiler,  based  on  combustible,  may  be  ascertained.  In  the  paper,  as 
printed,  and  in  the  author's  introductory  statement  tonight,  there 
seem  to  he  several  corrections,  deductions,  additions  and  subtrac- 
tions for  ascertaining  what  the  losses  or  gains  might  be,  if  something 
else  that  was  not  there,  was  there,  and  consequently  I  thought  the 
best  way  about  talking  about  something  I  did  not  understand  would 
be  to  go  back  to  the  combustible  basis,  data  for  which  were  given  in 
the  results  of  the  tests  at  the  end  of  the  appendix. 

On  figuring  these  boiler  tests  on  the  combustible  basis,  taking 
analysis  of  the  coal,  as  given,  for  the  ash  and  moisture,  and  crediting 
the  boiler  with  the  heat  put  into  the  water  back,  the  efficiency  based 
on  combustible  burned  is  as  follows  for  the  three  tests  reported : 

Test  No.   i — 72.03  per  cent. 

Test  No.  2 — 67.88  per  cent. 

Test  No.  3 — 69.56  per  cent. 

Giving  an  average  for  the  three  tests,  of  69.82  per  cent,  instead 
of  80.18  per  cent.  For  this  reason  I,  for  one,  simply  cannot  accept 
this  figure  of  80.18  per  cent,:  it  was  not  obtained,  and  I  doubt  that 
it  is  even  remotely  possible  to  obtain  it  with  the  coal  and  boiler  set- 
ting, as  described. 

The  diagram  of  draft  over  fire  interested  me  quite  a  little,  because 
it  brings  into  the  discussion  of  boiler  tests  an  entirely  wrong  method 
of  ascertaining  what  you  are  doing  or  likely  to  do.  The  draft  is 
given  us  at  the  uptake  from  the  boiler.  We  can  load  that  boiler  set- 
ting full  of  brick,  or  we  can  take  the  brick  all  out  and  let  the  gases 
shoot  up  and  we  will  get  entirely  different  drafts  over  the  fire,  but 
the  available  draft  we  get  in  doing  the  work  is  the  draft  in  the 
uptake,  and  any  method  of  figuring  the  boiler  test  from  a  basis  of 
draft  over  fire,  is  distinctly  erroneous.  As  an  illustration  of  the  fal- 
lacy, may  I  give  an  example:  I  have,  during  the  past  few  weeks, 
made  a  number  of  tests  on  a  boiler  of  similar  type  and  with  the 
same  coal.  Now,  in  one  of  these  tests  the  draft  over  the  fire  was 
0.72  in.,  with  a  horse  power  of  560;  in  the  other,  draft  over  fire, 
was  0.53  in.,  but  the  horsepower,  with  the  lower  draft  over  the  fire, 
instead  of  being  much  less,  as  the  curve  would  suggest,  was  actually 
very  much  larger. 

This  is  a  sort  of  thing  one  encounters  when  one  tries  to  compare 
boiler  capacities  on  the  basis  of  draft  over  the  fire. 

Another  thing  in  regard  to  this  somewhat  remarkable  curve :  As 
I  gather  from  the  author's  comments  on  his  paper,  he  claimed  this 
drop  in  horse  power  with  increased  draft  is  correct  on  the  ground 
that  if  you  get  the  draft  big  enough  you  will  not  be  able  to  burn 
any  coal;  you  will  pull  the  fire  away  from  the  front  of  the  grate. 
We  know  that  if  you  get  the  fire  away  from  the  front  you  will  have 
a  hard  time  to  get  it  back,  but  the  whole  point  of  this  falling  off  of 
horse  power  seems  to  be,  not  the  amount  of  draft,  but  that  the  draft 
might  be  out  of  proportion  to  the  fuel  bed.  which  the  draft  over  the 
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fire  really  measures.  It  is  roughly  proportional  to  the  resistance  of 
the  fuel  bed.  If  you  take  a  good  coal,  free  from  duff,  and  running 
about  34  inch,  you  will  have  a  comparatively  small  draft  over  the 
fire.  If  you  have  a  lot  of  duff  in  the  coal,  you  will  have  a  big  draft 
over  the  fire;  but  this  curve  ignores  this,  and  simply  shows  that  if 
you  increase  the  draft  to  about  1.3  in.,  you  do  not  get  any  horse 
power.  I  would  like  the  author  to  explain  what  happens  if  the  draft 
over  the  fire  be  increased  to,  say  1.5  or  1.7  in.  Do  you  get  some  new 
form  of  refrigerating  machine  ? 

It  is  unfortunate,  it  seems  to  me,  that  the  author  has  not  stuck  to 
his  test.  The  paper  states  that  "the  test  on  the  improved  boiler  No. 
10,  used  in  comparison  with  Fisk  Street,  is  No.  3,  which  gave  624.5 
horse  power.     This  is  taken  as  representative  for  that  boiler,"  etc. 

He  pins  his  faith  to  test  No.  3,  apparently,  because  it  gave  the  best 
horse  power,  but  as  it  does  not  give  him  several  other  good  things,  he 
takes  these  from  another  test.  Thus,  under  the  heading  "Loss  in 
hot  gases"  the  flue  temperature  quoted  (525.50^.)  is  from  test  No. 
2.  During  test  No.  3  this  averaged  562.8°F.  (See  Appendix). 
The  C02,  7.60  per  cent.,  is  also  taken  from  test  No.  2.  On  -test  No. 
3  the  C02  was  6.92  per  cent.  The  horse  power  developed  on  test 
No.  2  was  601.8  instead  of  624.5.  This  is  not  a  convincing  method 
of  figuring.  If  a  clerk  in  a  bank  has  a  deficiency  in  one's  man's  ac- 
count and  makes  it  good  from  another  account,  he  runs  a  great  chance 
of  being  charged  with  embezzlement.  A  much  similar  law  applies  in 
scientific  work.  There  is  no  possible  way  that  I  can  see  where  a 
man  has  any  right  at  all  to  take  part  of  his  data  from  one  test  and 
part  from  another,  and  a  little  guess-work,  and  offer  the  result  as  a 
statement  of  something  actually  obtained  or  obtainable.  Certainly 
it  is  not  safe  engineering. 

I  do  not  think  it  worth  while  to  refer  to  the  comparison  made 
with  certain  tests  at  Fisk  Street  Station,  except  to  prevent  a  pos- 
sible misconception  regarding  them.  The  interest  taken  in  these 
now  almost  classic  twenty-seven  tests  must  be  a  source  of  gratifica- 
tion, not  to  say  amusement,  to  the  engineers  of  that  station.  The 
author  is  misinformed  as  to  the  object  of  these  tests.  They  were 
not  boiler  tests,  in  the  strict  sense  of  the  term.  They  were  simply 
coal  tests — routine  tests  made  under  ordinary  operating  conditions, 
to  ascertain  approximately  the  relative  value  of  various  coals — good, 
bad  and  indifferent,  for  steam  raising  purposes.  The  object  of  the 
test  was  not,  as  might  be  supposed  from  the  fame  they  have  achieved, 
the  establishing  of  any  special  records  in  boiler  operation,  but  to  find 
the  coals  which  gave  the  lowest  cost  of  evaporating  1000  pounds  of 
water. 

Sufficient  data  to  construct  a  heat  balance  was  not  taken  during 
the  tests ;  consequently  the  heat  balance  given  by  the  author  in  Table 
No.  1  should  be  accepted  only  as  his  guess  at  the  probable  conditions. 
The  figure  for  radiation  loss  is  probably  too  low,  and  the  statement 
that  the  unaccounted  for  loss  is  smoke,  is  bare  assertion. 
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Professor  Breckenridge  in  a  recent  Bulletin  (No.  15)  of  the  Uni- 
versity of  Illinois,  well  says  "  Smokelessness  is  a  relatively  safe  indi- 
cation that  the  total  heat  has  been  liberated.  Unfortunately  it  gives 
no  indication  of  the  degree  of  efficiency  with  which  the  heat  is  being 
utilized." 

The  author  is  to  be  congratulated  upon  the  sample  of  1.25  in. 
Pawnee  screenings  he  was  able  to  obtain  for  these  tests,  at  Cedar 
Rapids.  The  proportion  of  coal  of  desirable  size  for  stoker  use  con- 
tained in  it  was  considerably  above  the  average. 

Just  a  few  words  as  to  the  tile  roof,  itself.  The  tile  roof  is  not 
new.  The  application  to  a  Babcock  &  Wilcox  boiler  is  not  new.  It 
was  at  least  twenty  years  old  when  applied  to  the  Heine  boilers  at 
Harrison  Street  Station  of  the  Commonwealth  Edison  Company. 
It  was  not  applied  to  those  boilers  with  the  idea  of  stopping  smoke 
but  in  the  hope  that  it  might  prevent  tube  troubles.  In  this  it  was 
successful. 

Mr.  F.  Chauvct,  (Fuel  Engineer  Fisk  St.  Station,  Commonwealth 
Edison  Co.,  Chicago)  :  My  purpose  in  coming  to  this  meeting  was 
rather  to  gain  than  impart  information.  I  am,  however,  ready  to 
respond  to  the  President's  request  for  a  discussion  of  the  paper 
which  has  been  presened  to  us. 

I  was  present  at  both  the  Fisk  Street  and  Cedar  Rapids  tests  re- 
ferred to  by  the  author,  therefore  familiar  with  the  conditions  of 
both.  In  the  field  of  boiler  testing  as  in  other  lines  of  work,  two 
classes  of  persons  are  recognized,  experts  and  those  who  are  not 
experts,  the  difference  being  that  an  expert  is  allowed  by  virtue  of 
his  mastery  of  the  subject  in  arriving  at  conclusions  to  assume  what 
he  believes,  whereas  the  other  class,  to  which  I  belong,  is  limited  to 
actualities  and  must  restrict  itself  to  what  is  weighed,  measured  and 
determined  experimentally,  and  calculated  from  such  actual  data.  If 
I  make  comparisons,  it  will  be  on  conditions  existing  when  tests 
referred  to  were  made. 

No  objection  is  made  to  the  basic  data  obtained  on  the  actual  tests 
as  set  forth  in  the  author's  paper,  nor  is  the  technique  of  the  calcu- 
lations criticised.  However,  I  do  strongly  question  the  author's  right 
to  use  assumed  conditions  and  values  never  realized  in  actual  tests, 
and  then  to  draw  deductions  and  make  comparisons  from  calculations 
based  thereon,  for  the  following  reasons: 

1  st.     Quantities  are  not  all  actualities. 

2nd.  No  account  is  taken  of  relative  changes  in  other  factors  in 
changing  the  C02  from  7.6%  to  9.6%. 

3rd.  Conditions  realized  at  Fisk  Street  with  supposedly  inferior 
setting  are  embodied  in  the  Cedar  Rapids  heat  balance  to  prove  that 
this  Cedar  Rapids  furnace  is  superior  to  those  at  Fisk  Street. 

Therefore  I  have  considered  the  eight  elements  entering  into  the 
matter  in  the  following  numbered  paragraphs : 

1.  812  Horsepower  is  a  favorable  one  the  author  states,  for  the 
Fisk  Street  boilers.     In  looking  over  past  records  this  appears  an 
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ordinarv  and  not  the  maximum  performance,  yet  in  his  comparison 
he  has  taken  for  the  Cedar  Rapids  boilers  the  test  giving  the  max- 
imum capacity. 

2  Regarding  draft,  Fig.  6  is  the  basis  for  the  author's  compar- 
isons of  horsepower  capacities.  This  chart  is  from  the  group  of  27 
tests  mentioned  in  the  appendix  and  made  at  Fisk  Street,  the  points 
representing  draft  over  the  fire,  yet  with  the  same  strength  of  draft 
over  the  fire  horsepower  has  ranged  from  600  to  1100.  It  dtfes  not 
follow  that  the  amount  of  coal  burned  or  the  horsepower  developed 
are  relative  to  draft  over  fire,  because  this  draft  is  but  a  measure  of 
the  resistance  offered  by  the  fuel  bed  to  the  air,  and  this  resistance 
increases  or  decreases  according  to  size  of  coal,  thickness  of  fuel  bed 
and  fusible  constituents  in  the  ash.     For    these    reasons    the    stack 

TABLE  No.  4. 

PAWNEE  I->4  INCH  SCREENINGS. 

Fisk  Street.       Cedar  Rapids. 

r    19  * 

Test  Nos J        2I  2 

I       23  3 
I       24 

{65.Q  62.48 

64.5  60.26 

66.4  66.07 
65.2 

Average  Efficiency  65.5  62.94 

f     806.4  588.80 

Horsepower  Developed  J      803.6  601.80 

I      7676  624.50 
I     814.4 

Average  Horsepower    708.0  605.00 

Capacity,  percent  of  builder's  rating 1596  151-25 

Analysis  of  Cval  as  Fired  : 

Moisture  12.34  l3-69 

Ash  14.72  12.51 

B.t.u 10,408  10,492 

draft  should  be  used  as  a  basis  of  comparison  for  capacity.  The 
chart  shown  is  a  typical  shot  gun  pattern  with  80%  of  the  points 
falling  inside  of  a  ^  hi.  circle.  The  last  part  of  the  curve  has  no 
points  to  determine  its  direction,  and,  if  we  follow  it  until  the  draft 
becomes  1.3  in.  zero  horsepower  is  reached,  thus  at  1.5  in.  draft,  the 
boiler  would  give  a  negative  horsepower  of  400.  As  a  matter  of 
fact,  if  draft  was  from  1.3  in.  to  1.5  in.  over  the  fire*  the  fuel  bed 
could  be  proportionally  thickened  and  thus  avoid  the  drop  indicated 
by  the  last  part  of  the  author's  curve. 

3.  The  C02  value  of  9.52%  is  another  objectionable  feature 
which  the  author  has  employed  in  his  comparative  heat  balance.  It 
was  not  obtained  at  Cedar  Rapids,  therefore  its  use  is  an  unwarranted 
assumption,  because  with  56%  combustible  in  the  refuse  it  was  pos- 


Discussion — Boiler  and  Furnace  Design 


22(J 


sible  to  obtain  only  7.6%,  and  if  the  fire  had  completely  burned  out, 
as  good  operation  requires,  it  would  have  been  only  one  half  as  thick 
and  air  leakage  would  have  been  very  much  more,  so  that  instead  of 
there  being  a  possibility  of  9.52%  C02,  it  would  have  been  even  lower 
than  the  7.6%  actually  obtained.  Comparison  of  tests  Nos.  2  and  3 
bears  this  out,  as  in  No.  3  there  was  much  less  conbustible  in  refuse 
and. with  a  thinner  fire  the  CO,  was  lower,  although  combined  effi- 
ciency was  much  higher. 

4.  No  account  has  been  taken  of  change  in  temperature  of  flue 
gas  which  would  have  been  caused  by  different  C02. 

5.  As  showing  relative  efficiency,  I  have  prepared  Table  4  for 
Pawnee  coals  for  both  outfits,  and  Table  5  of  Iowa  coals  at  Cedar 
Rapids  compared  to  Fulton  Co.,  111.,  coal  used  at  Fisk  Street.  How 
close  these  coals  are  in  heat  value  and  ash,  can  be  seen  from  the 
analysis  accompanying  the  tabulation.  The  Fisk  Street  performances 
were  from  ordinary  coal  tests  without  elaborate  effort  for  high  re- 

TABLE  No.  5. 


FULTON'  tOUNTY    ILLINOIS. 


AND   IOWA    SCREENINGS. 

Fisk  Street 

pulton  County 

I-K  Inch 

Screenings. 

49 


Test  Nos , 


Efficiency  (73) 


Cedar  Rapidi 
Iowa 
Screenings. 

4 


S8.27 
52.28 


Average  Efficiency 


Horsepower  Developed < 


Average  Horsepower  

Capacity,  percent  of  Builder's  Rating. 
Analysis  of  Coal  as  Fired : 

Moisture    

Ash   


12.10 
20.40 
9.432 


55-27 
502.30 
467.00 


484.60 
121. 15 

11.90 
19.20 
9.853 


5  and  represent  ordinary  operating  conditions.  Referring  to  the 
5  on  Fulton  Co.  coal  at  Fisk  Street  which  was  as  poor  as  the  Iowa 
used  at  Cedar  Rapids,  Fisk  Street  conditions  were  the  same  as 
e  of  the  Cedar  Rapids  boiler  when  using  Iowa  coals,  yet,  accord- 
to  the  author,  the  tile  roof  is  of  particular  benefit  when  burning 
e  poor  coals.     The  comparison  of  the  performances  of  the  two 
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boilers  in  Table  5  will  show  the  superiority  of  the  Fisk  Street  results 
with  the  dirty  coal. 

6.  The  author  makes  the  plea  that  it  was  necessary  in  the  Cedar 
Rapids  tests  to  run  large  amounts  of  coal  into  the  ash  pit  in  order  to 
prevent  serious  air  leakage  at  the  back  of  grate.  There  were,  how- 
ever, two  dampers  at  rear  end  of  the  grate  to  exclude  air ;  also  one  in 
the  ash  pit  and  an  intermediate  damper  between  the  grates.  It  is 
well  known  that  one  of  the  serious  faults  of  a  chain  grate  is  the  seri- 
ous air  leakage  at  the  rear,  due  to  the  tapering  fuel  bed,  and  that  C02 
can  easily  be  increased  by  banking  the  fire  at  the  rear  end.  But  this 
can  be  done  only  at  the  expense  of  large  losses  of  unburned  coal  fall- 
ing into  the  ash  pit,  and  it  is  desirable  to  obtain  the  best  possible  CO, 
with  the  least  loss  into  the  ash  pit,  because  the  gain  from  raising  of 
C02  a  few  per  cent  can  be  squandered  several  times  over  by  the  enor- 
mous losses  due  to  unburned  coal.  This  was  the  state  of  affairs  in  the 
Cedar  Rapids  tests  as  indicated  by  the  refuse  analysis.    "Fisk  Street 

TABLE  No.  6. 

EFFECT  OF  SIZE  OF  COAL  ON   CAPACITY   AND   EFFICIENCY. 

Size  of  Coal,  Square  Screens. 

Duff 
through 
i-inch     ^4-inch    yi-'mch     J/J-inch     J^-inch 
Pounds  of  coal  burned  per  hour....  2625  3825  3500         3197  1425 

Pounds   of  coal   burned  per   sq.    ft. 

grate,  per  hour   35.0  51.0  52.0  42.6  19.0 

Equivalent  lbs.  water  evaporated  per 

lb.  of  coal  as  fired 6.69  7.40  7.61  6.49  2.58 

Efficiency  based  on  coal  as  fired....  61.74        67.54        7°-7l        65.26        26.43 

Horsepower  Developed   510.0        820.0        860.0        601.8         106.60 

CO.,    percent    6.6  7.8  8.0  6.3  1.60 

Efficiency,    relative   values 87.31         9551       100.0  92.29        37.38 

Capacity,   relative   values    59-30        95-35       100.0  69.98         12.32 

Analysis  of  Coal  as  Fired: 

Moisture     11.40         11.4c         10.10         10.40         10.70 

Ash    12.20         12.40         13.88         18.51         27.45 

B.t.u 10,467       10,583       10,395        9,606        9,430 

burned  97.3%  of  its  coal,  2.y%  going  in  ash  pit.  Cedar  Rapids 
burned  but  83.7%  of  its  coal,  16.3%  going  in  ash  pit.  If  Fisk  Street 
had  burned  but  83.7%  of  its  coal  by  banking  fire  in  the  rear,  the  CO, 
would  have  increased  considerably  over  9.6%.  If  the  Cedar  Rapids 
boiler  had  burned  its  coal  as  thoroughly  as  those  at  Fisk  Street,  the 
fire  would  have  been  thin  in  the  rear  and  the  C02  very  much  lower 
than  7.6%  obtained  with  the  fire  banked  against  bridge  wall.  Under 
such  conditions  if  heat  balances  are  made,  it  is  manifestly  unfair  to 
the  furnace  burning  all  but  2.7%  of  its  coal  as  compared  to  the  one 
having  its  fire  banked  in  the  rear,  for  the  purpose  of  securing  a  false 
C02  thereby,  for  the  author  to  credit  each  furnace  with  the  coal 
wasted,  because  the  Cedar  Rapids  boiler  was  credited  with  16.3% — 
2.7%  or  13.6%  more  than  Fisk  Street,  which  is  taking  boiler  testing 
beyond  the  scope  of  experimentation.    This  is  depreciating  good,  and 
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putting"  a  premium  on  very  poor  operation.  A  fireman  running  his 
fires  in  this  manner  would  soon  be  looking  for  another  position. 

7.  Heat  lost  by  radiation  and  unaccounted  for,  according  to  the 
author's  figures,  are  unreasonably  small.  In  the  work  of  the  U.  S. 
Geological  Survey,  radiation  was  found  to  be  from  3  to  5%  according 
to  capacity  developed,  yet  Mr.  Bement  considers  it  only  1.48  for  both 
radiation  and  unaccounted  for.  With  a  radiation  equal  to  that  of  the 
U.  S.  Geological  Survey  tests,  he  would  have  a  minus  quantity  for 
unaccounted  for.  This  would  mean  perfect  combustion  and  100% 
efficiency  for  the  tile  roof.  Still  more,  it  would  mean  perfect  com- 
bustion at  all  capacities  for  high  as  well  as  low  CO,.  But  referring 
again  to  the  work  of  the  U.  S.  Geological  Survey  since  its  results 
are  readily  available,  on  page  24,  chart  No.  12  is  shown  that  this  is 
not  true,  because  as  the  C02  increases,  there  is  a  drop  in  the  furnace 
efficiency  due  to  a  less  perfect  combustion.  This  is  found  on  a  Heine 
boiler  with  a  tile  roof  and  a  combustion  chamber  adequate  for  the 
slight  variations  of  careful  hand  firing.  It  is  also  of  interest  to  com- 
pare Mr.  Bement's  unaccounted  for  losses  with  the  same  item  on  the 
U.  S.  Geological  tests,  as  both  these  boilers  are  equipped  with  tile 
roofs. 

U.   S.    GELOGICAL   TESTS. 

Six  tests  on  Illinois  coal 8.33%  unaccounted  for 

Three  tests  on  Indiana  coal 9-5!%  unaccounted  for 

Six  tests  on  Iowa  coal 10.68%  unaccounted  for 

making  an  average  of  9.5%  for  the  above  fifteen  tests  and  according 
to  the  author's  figures,  the  Fisk  Street  unaccounted  for  is  10.24,  prac- 
tically no  difference  for  tile  roof  and  no  tile  roof.  Yet  at  Cedar  Rap- 
ids, Mr.  Bement  found  but  1.48%  unaccounted  for.  Now  why  there 
should  be  such  an  extraordinary  difference  is  not  explained  by  hand 
firing  against  stoker  firing,  because  the  U.  S.  Geological  tests  had  the 
benefit  of  very  careful  hand  firing,  also  a  large  combustion  chamber 
with  special  mixing  device  in  it.  Furthermore,  since  the  Cedar  Rap- 
ids tests,  very  carefully  conducted  ones  on  a  chain  grate  stoker  with 
the  same  type  of  boiler,  using  a  tile  roof,  showed  a  persistent  8  to 
10%  unaccounted  for.  This  was  found  also  when  the  flames  had 
absolutely  disappeared  before  reaching  the  tubes  in  the  first  pass, 
whereas  ;n  Mr.  Bement's  tests  the  flames  extended  well  up  through 
the  first  pass  giving  visual  evidence  of  an  inadequate  combustion 
chamber  for  capacity  run.  However,  according  to  Mr.  Bement,  his 
results  are  some  8  to  9%  better  than  other  tile  roof  outfits. 

8.  There  was  a  large  advantage  due  to  superiority  in  size  of  coal 
used  in  the  Cedar  Rapids  tests,  and  this  fact  should  have  been  taken 
into  consideration,  the  per  cent  of  duff  being  only  25.4%.  At  Fisk 
Street  the  percentage  of  duff  in  coal  used  was  39-93%.  and  making 
allowance  for  fine  coal  which  fell  through  the  grates  at  Fisk  Street, 
the  coal  used  at  Cedar  Rapids  still  contained  7.5%  less  duff.  The 
effect  of  this  on  both  capacity  and  efficiency  is  shown  by  Table  6, 
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which  is  from  tests  made  by  me  under  Mr.  Bement's  direction  at  Fisk 
Street  Station  for  Mr.  Abbott.* 

Prof.  L.  P.  Breckenridge,  m.w.s.e.  :  The  boiler  and  furnace  de- 
scribed by  Mr.  Bement  appear  to  the  writer  to  be  in  accord  with  good 
present  design  for  burning  highly  volatile  bituminous  coal  with  econ- 
omy and  without  smoke,  and  we  are  glad  to  have  the  results  of  tests 
made  with  this  combination  presented  to  the  Society. 

The  writer's  experience  with  hot  water  meters  for  boiler  testing 
does  not  exactly  coincide  with  that  of  Mr.  Bement ;  in  fact,  we  have 
tried  on  several  occasions  to  justify  the  use  of  water  meters  in  this 
connection  but  the  results  have  always  been  disappointing.  We  have 
made  at  different  times  numerous  attempts  to  determine  radiation 
losses  from  boiler  settings,  and  the  results  have  not  been  satisfactory. 
In  no  case,  however,  have  the  results  ever  indicated  radiation  losses 
lower  than  2  per  cent.,  and  it  is  our  opinion  that  radiation  losses  sel- 
dom are  less  than  3  per  cent. 

Upon  first  reading  this  paper  the  writer's  ideas  as  to  possible  boiler 
efficiencies  were  somewhat  disturbed,  the  results  given  from  the 
tests  in  Table  No.  1,  are  so  at  variance  with  results  of  tests  with  simi- 
lar sized  fuels  and  with  equally  smokeless  furnaces.  With  l/i  in. 
screenings  of  which  30  to  40  per  cent  passed  through  a  34  in.  sieve, 
we  have  succeeded  at  the  Engineering  Experiment  Station  in  obtain- 
ing under  most  favorable  conditions  to  the  fuel,  i.  e.,  6  inch  depth  of 
fuel  bed  at  the  gate,  and  0.26  in.  draft,  a  combustion  giving  7%  C02 
in  the  flue  gases  and  a  resulting  efficiency  for  the  "boiler  and  fur- 
nace" of  59.14.  The  per  cent  of  ash  in  moist  coal  was  17.42.  The 
per  cent  loss  of  heat  to  stack  corresponding  to  a  mean  value  of  7% 
C02  is  25.05.     (This  is  an  engineering  experiment  station  test  No. 

Comparison  of  these  data  and  the  results  given  in  Table  1  of  the 
author's  paper  leads  to  a  recalculation  of  values  from  the  data  given 
for  test  No.  2,  Table  No.  3.  The  computation  of  the  heat  balance 
necessitated  the  calculation  of  the  analysis  of  the  coal  to  a  wet  coal 
basis  which  is  as  follows : 

Moist  Coal 
"Pure  Coal"  as  fired. 

Carbon    74.86  .    54-53 

Hydrogen,  Available   3.92  2.86 

Sulphur    4.86     X(i.oo— .2715)=  3.54 

Nitrogen    I.23  .90 

•  Water  Combination    15.13  11.02 

100.00 

Ash    12.54  12-54 

.Moisture    14.61  14.61 

100.00 
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The  results  of  recalculating  the  heat  balance  are : 

Percent  of  heat  Percent  corrected  for 

in  Ash  Pit  Loss 

coal  as  fired  Recal.       From  above 

Absorbed  by  boiler    60.26  80. 18 

Stack  loss  in  dry  gases 18.32  21.88                    18.34 

Loss  due  to  moisture 3.08  3.68 

Less  due  to  burning  available  hydrogen..     3.10  3.70 

Ash  p-it  loss    16.26  0.00                      0.00 

Total     101.02  .  100.92  98.52 

Radiation    and    Unaccounted    for    loss    by 
d:fference    : 1.48 

The  author  has  evidently  obtained  the  value  80.18  by  adding  to 
60.26  the  sum  of  16.26  and  (22.00 — 18.34),  which  is  not  justfiable. 
The  author  uses  this  same  manner  of  correction  for  the  loss  of  car- 
bon to  ash  pit  for  the  Fisk  Street  boiler.  It  is  remarkable  that  the 
results  when  correctly  computed  show  no  radiation  and  unaccounted 
for  balance.  It  is  usual  in  all  tests  which  have  come  to  the  writer's 
notice  and  which  have  been  computed  in  the  ordinary  manner,  to 
find  a  deficit  of  from  4  to  10  per  cent  which  is  credited  to  radiation 
and  "unaccounted  for."  From  the  experiment  station  tests  which 
are  to  be  published  shortly,  it  has  been  found  that  this  deficit  for  the 
chain  grate  from  usual  methods  is  about  7  per  cent,  which  is  consid- 
ered extremely  favorable,  compared  with  8  to  16  per  cent  as  found 
with  hand  fired  furnaces  and  often  even  with  automatically  stoked 
furnaces. 

Mr.  C.  S.  McGovney,  Engineering  Experiment  Station,  Urbana, 
111. :  I  have  been  greatly  interested  in  the  manner  in  which  Mr. 
Bement  has  made  a  comparison  of  these  two  types  of  boilers.  There 
would  certainly  be  a  rose  strewn  path  for  the  tile  roof  furnace  if  it 
could  burn  up  the  unaccounted  for  loss.  However,  Professor  Breck- 
enridge  has  shown  that  the  indications  of  such  a  phenomena  are  due 
to  erroneous  methods  in  the  calculations. 

I  have  nothing  but  commendation  for  the  tile  roof  furnace  applied 
to  the  Babcock  &  Wilcox  and  Heine  types  of  boilers,  and  the  au- 
thor's method  of  fitting  the  B.  &  W.  boiler  with  such  a  furnace  seems 
to  be  the  best  solution  in  that  connection  which  has  been  presented. 

I  have  read  Mr.  Bement's  paper  with  considerable  care  and  it 
seems  that  there  are  some  points  essential  to  the  value  of  the  paper 
which  should  be  brought  out.  I  wish  that  the  author  might  give  some 
information  on  the  following: 

1.  Has  he  made  any  investigation  which  shows  that  10.24  Per 
cent  of  the  heat  in  the  coal  may  be  lost  in  smoke  as  stated. 

2.  What  was  the  thickness  of  the  fuel  bed  in  the  capacity  tests 
shown  in  the  curve,  Fig.  6,  and  what  size  of  coal  does  this  curve  rep- 
resent? 

3.  Referring  to  Table  2,  what  was  the  average  depth  of  opening 
of  the  feed  gate  for  the  Fisk  St.  Station  boilers  corresponding  to  the 
draft  of  0.713  in.  over  the  fire? 
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The  point  is  this — The  210  horsepower  Heine  boiler  at  the  Uni- 
versity of  Illinois,  engineering  experiment  station,  is  supplied  with 
a  grate  area  of  38  sq.  ft.  which  is  0.18  sq.  ft.  for  one  horsepower. 
The  No.  10  boiler  of  this  paper  has  0.18  sq.  ft.  per  horsepower,  and 
the  Fisk  St.  Station  boilers  have  0.18  sq.  ft.  per  horsepower,  exclud- 
ing the  superheater.  Now  with  the  character  of  fuel  and  size  as  in- 
dicated in  this  paper,  it  is  found,  that,  with  the  experiment  station's 
Heine  furnace,  the  most  economical  draft  pressure  for  a  fuel  bed  of 
a  depth  given  by  a  6  in.  gate  opening  is  about  0.26  in.  over  the  fire. 
If  this  amount  is  exceeded  both  capacity  and  efficiency  drop  off  rap- 
idlv,  due  to  the  fuel  bed  becoming  broken.  Anything  approaching 
the  draft  0.71  in.  would  be  disastrous.  Perhaps  Mr.  Bement  will 
explain  this  apparent  inconsistency  and  correlate  it  with  the  assump- 
tions which  have  been  made  in  the  last  two  items  of  Table  2  and 
with  the  statement  made  in  the  paragraph  relating  to  the  effect  of 
the  tile  roof  upon  the  rate  of  combustion. 

Mr.  Charles  Bollinger,  Chief  Engineer  Western  Electric  Co.,  Chi- 
cago: I  am 'not  prepared  to  offer  any  discussion  of  Mr.  Bement's 
paper,  except,  perhaps,  to  say  that  I  attempted  to  figure  out  the 
author's  method  of  making  his  heat  balance,  and  gave  it  up  as  a  bad 
job.  Mr.  Pennock,  however,  who  is  present,  can  possibly  say  some- 
thing. 

Mr.  G.  A.  Pennock,  m.w.s.e.  :    I  was  glad  to  note  that  the  figures 

I  arrived  at  for  efficiency  check  very  closely  with  those  of  Professor 

:kenridge.     I   deduced   the   heat  balance  based  on   coal  burned 

(Table  No.  1  in  the  paper)  by  dividing  the  items  in  Table  No.  2  by 

(100—16.26)  giving  the  following: 

Usefully  employed  in  making  steam 7I-51 

Lost  in  hot  gases 26.27 

Loss  from  radiation  and  unaccounted  for 2.22 


100.00 


Another  check  on  this  figure  of  71.51  may  be  obtained  as  follows 
from  the  data  of  test  No.  2  in  the  appendix : 

Total  dry  coal  fired 27,495. 

Per  cent  loss  in  ash 16.26 

Dry  coal  burned 23,024. 

Per  cent  loss  from  water  back 0.94 

Dry  coal  available   for  boiler 22,808. 

B.  t.  u.  per  pound 12,100. 

Total  B.  t.  u.  available 275,976,800. 

Equivalent  water  evaporated 204,396.2 

B.  t.  u.  in  steam 197,385,410. 

Per  cent  heat  absorbed  by  boiler '  71-52 

No  correction  is  made  for  moisture  in  steam  which  doubtless 
amounts  to  one  and  one  half  or  two  per  cent  in  a  Babcock  &  Wilcox 
type  of  boiler  when  run  at  50%  above  its  rated  capacity. 
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No  mention  is  made  in  the  heat  balance  of  the  loss  due  to  moisture 
in  the  coal,  hydrogen,  or  carbon  monoxide.  Assuming  no  monoxide 
the  first  two  items  amount  to  at  least  five  per  cent.  -If  this  amount 
be  added  to  the  heat  balance  the  total  would  be  over  one  hundred 
per  cent  so  that  it.  is  manifestly  incorrect  to  assume  that  the  loss 
from  radiation  was  1.48  per  cent. 

Mr.  Bement  states  that  there  was  a  loss  of  2.67  per  cent  from  car- 
bon in  the  refuse,  and  that,  therefore,  the  efficiency,  based  on  coal 
burned,  becomes  65.65  plus  2.67  equals  68.32.  The  correction  should 
be  made  by  dividing  65.65  by  (100 — 2.67)  which  equals  67.45  in~ 
stead  of  68.32. 

I  should  like  to  ask  with  what  apparatus  the  flue  gas  analysis  was 
made  on  test  of  No.  10  boiler  and  also  what  degree  of  accuracy  may 
be  expected  from  the  Keystone  Meter  ? 

Prof.  Wm.  Kent,  (Syracuse  University,  Syracuse,  N.  Y.)  :  The 
setting  shown  in  Fig.  1.  appears  to  me  to  be  admirable  with  one  excep- 
tion :  the  arch  over  the  chain  grate  being  carried  into  the  furnace  is 
apt  to  burn  out.  I  should  not  expect  it  to  last  more  than  three 
months  with  semi-bituminous  or  Pittsburg  coal  containing  not  over 
two  per  cent  of  moisture.  It  is  possible,  however,  with  Western 
coals  high  in  moisture  it  may  last  for  a  long  time. 

Table  No.  1,  does  not  seem  to  be  referred  to  in  the  text  of  the 
paper,  and  it  should  be  explained  why  this  boiler  No.  10,  in  the  test 
in  Table  No.  1  showed  80.18  per  cent  efficiency  and  in  the  highest 
of  the  three  tests  in  table  No.  3  it  shows  66.07%.  I  consider  the 
figure  80.18%  too  good  to  be  true  with  Western  coal. 

The  heat  balance,  Table  No.  1,  allows  nothing  for  loss  due  to  evap- 
orating and  superheating  the  moisture  in  the  coal,  nor  for  the  loss 
due  to  moisture  in  the  air. 

Mr.  Bement  states  that  the  average  C02  for  the  Fisk  Street  boiler 
was  9.52  and  for  the  No.  10  boiler  7.6.  Both  of  these  figures  are 
very  low.  We  are  getting  from  12  to  16  per  cent  CO,  in  eastern 
tests. 

It  is  interesting  to  note  that  whenever  there  is  a  low  efficiency, 
the  figure  for  "unaccounted  for  loss"  is  high.  This  has  frequently 
been  observed.  It  probably  means  that  there  is  a  large  loss  due  to 
unburned  hydrogen  or  hydrocarbons  in  the  chimney  gases  which 
are  not  found  in  the  ordinary  analysis.  With  moist  coal  there  should 
be  a  production  of  water  gas  in  the  furnace,  due  to  the  reaction 
H20-j-C=2  H-f-CO.  This  would  cause  great  loss  of  economy  if 
the  hydrogen  of  this  water  gas  passed  off  unburned. 

The  diagram,  Fig.  6,  is  interesting  in  showing  that  increasing  the 
draft  from  0.6  of  an  inch  of  water  to  over  1.0  in.  does  not  increase 
the  horse  power.  I  have  found  a  similar  state  of  things  occasionally 
with  Western  coals  myself,  and  it  was  thus  explained :  Increasing 
the  draft  burns  more  coal  for  a  short  time,  makes  more  ash,  the  ash 
runs  into  clinker  and  chokes  the  draft — so  that  with  a  higher  pres- 
sure of  draft  we  have  an  actually  diminished  air  supply  and  dimin- 
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ished  horsepower.  This  condition  is  not  likely  to  happen,  however, 
with  Eastern  coals,  especially  if  shaking  grates  are  used  to  keep  the 
bed  of  fire  free  from  ash. 

Mr.  C.  H.  McChire,  Junior  m.w.s.e.,  (Testing  Dept.,  Common- 
wealth Edison  Co.,  Chicago)  :  The  first  thing  in  Mr.  Bement's 
paper  to  which  I  would  call  attention  is  the  title.  The  title  is  gen- 
eral ;  the  subject  specific,  dealing  only  with  the  Standard  Babcock  & 
Wilcox  boiler  and  its  improvement  due  to  change  in  the  gas  baf- 
fling and  the  application  of  the  tile  roof  furnace.  The  improvement 
of  the  steam  boiler,  in  general,  is  a  very  large  and  diverse  problem 
and  the  improvement  of  the  standard  B.  &  W.  boiler  is  a  large  sec- 
tion of  this  problem.  Because  of  its  durability,  safety,  and  many 
other  commendable  features  the  standard  B.  &  W.  boiler  has  had 
much  to  draw  the  favorable  attention  of  steam  users.  Recently, 
however,  on  account  of  the  agitation  against  the  smoke  nuisance,  it 
has  accumulated  more  notoriety  than  fame ;  for  it  is  a  chronic  smoke 
producer  when  fired  with  Illinois  coal.  It  seems  to  me  this  title 
should  more  properly  read,  "Some  Results  Due  to  Improvement  in 
the  Standard  Babcock  &  Wilcox  Boiler  and  Furnace  Design,"  for 
it  is  with  the  standard  B.  &  W.  apparatus  and  with  its  improvement 
that  the  author  deals. 

That  the  arrangement  of  gas  baffling  shown  in  Fig.  I  of  Mr. 
Bement's  paper  will  prevent  smoke  when  the  coal. is  fed  to  the  fire 
in  a  uniformly  regular  manner,  such  as  attained  by  the  chain  grate, 
is  generally  accepted  as  a  fact.  That  this  arrangement  has  no  injuri- 
ous effect  upon  the  steam  making  qualities,  but  quite  to  the  contrary, 
enhances  the  value  of  the  apparatus  as  a  steam  producer,  is  very 
clearly  shown  by  the  results  of  tests  which  Mr.  Bement  presents. 

Referring  to  Table  2 :  The  items  giving  ratios  of  "horsepower 
and  capacities  developed  per  sq.  ft.  of  heating  surface  with  equal 
draft  for  both  boilers,"  calls  for  some  further  explanation.  The 
test  boiler  at  Fisk  Street  Station  is  one  of  many  discharging  into 
one  stack.  Supposing,  as  an  extreme  case,  that  the  test  boiler  grate 
were  covered  with  a  highly  fusible  ash,  to  a  large  extent  prohibiting 
the  passage  of  air  through  the  grate,  and  that  all  of  the  other  boilers 
were  fed  with  a  coal  containing  very  much  less  ash  which  showed 
no  tendency  to  clinker.  It  naturally  follows  that  the  draft  of  the 
stack  would  be  high  and  that  the  draft  over  the  fire  in  the  test  boiler 
would  approximate  the  stack  draft,  which  conditions  would  give  a 
high  draft  with  low  capacity. 

Again,  in  Fig.  6  in  the  appendix,  the  author  presents  a  curve  for 
which  he  has.  in  my  opinion,  very  little  authority.  The  first  part  of 
the  curve,  from  zero  to  0.6  in.  draft  might  be  taken  as  approxi- 
mately correct,  but  even  so,  it  does  not  seem  to  be  established  in  any 
way  by  the  points  shown,  excepting,  perhaps,  that  the  peak  of  the 
curve  lies  somewhere  within  the  bunch  of  points,  and  the  zero  point 
would,  of  course,  be  located  at  the  point  shown.  As  a  matter  of 
abstract  reasoning  we  might  easily  come  to  the  conclusion  that  the 
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curve  should  continue  to  rise.  As  a  matter  of  practical  working  this 
is  not  so.  The  projection  of  the  curve  downward,  however,  seems 
to  call  for  further  explanation. 

The  experiment  with  the  model  boiler  is  of  considerable  value,  in 
that  it  confirms  observations  made  in  tests  of  more  practical  nature. 
I  have  carried  out  this  experiment  in  a  somewhat  similar  manner 
on  a  model  much  like  that  shown  in  the  cut,  but  having  a  single  tube 
instead  of  three.  The  circulation  of  the  water  was  in  the  direction 
of  the  higher  end  of  the  tube  and  could  only  be  reversed  by  heating 
the  upright  tube  or  water-leg  connecting  the  lower  end  of  the  hori- 
zontal tube  with  the  drum.  This  experiment  seems  to  indicate  that 
a  reversal  of  circulation,  even  should  it  be  found  desirable  would  be 
difficult  of  accomplishment. 

Mr.  W.  J.  Greene,  (Cedar  Rapids  &  Iowa  City  Railway  &  Light 
Co.)  :  When  this  boiler  which  Air.  Bement  has  described  was  in- 
stalled for  us,  in  addition  to  the  fear  that  the  circulation  of  the  water 
would  be  reversed,  many  persons  suggested  other  difficulties  that 
would  be  encountered,  namely :  that  explosive  gases  would  collect  in 
the  first  passage  just  under  the  drums  and  when  mixed  with  air 
coming  through  the  fire  would  explode,  causing  damage  to  brick 
work ;  that  dust  would  collect  in  the  open  spaces  between  the  first 
and  second  rows  of  tubes  so  rapidly  as  to  seriously  cut  down  the 
draft  or  cause  much  extra  work  to  keep  the  dust  removed ;  and  that 
the  bafflle  walls  could  not  be  kept  in  place.  None  of  these  troubles 
have  been  encountered.  The  tests  show  that  even  if  such  gases  could 
collect  at  the  point  claimed,  no  explosive  gases  are  left.  As  to  the 
dust,  with  the  exception  of  a  small  accumulation  at  the  front  water 
legs  and  first  bafflle,  the  passage  is  kept  clear  by  the  draft  and  re- 
quires no  cleaning.  The  bafflle  walls  have  given  no  trouble  what- 
ever. 

The  boiler  has  been  in  almost  continuous  operation  since  January 
i,  1907,  and  is  liked  better  and  better  by  its  operators  and  owners, 
as  well  as  the  local  stationary  engineers  in  our  city. 

Referring  to  the  proposed  setting  shown  in  Fig.  5,  I  wish  to  em- 
phasize a  sixth  objection.  From  the  writers'  experience,  he  would 
expect  to  see  the  radiation  and  unaccounted  for  losses  to  be  increased 
from  1.48%  to  a  quantity  not  far  less  than  the  amount  of  the  un- 
accounted for  loss  for  the  standard  Babcock  &  Wilcox  boiler,  and 
should  this  be  true,  there  will  be  no  advantage  in  this  extremely  high 
setting  as  far  as  efficiency  is  concerned,  even  if  it  be  smokeless. 

Regarding  other  objections  to  this  high  setting,  it  would  seem 
that  an  allowance  should  also  be  made  for  increased  cost  of  a  wider 
as  well  as  a  higher  building.  A  much  wider  passage  should  be  had 
at  the  rear  of  the  boiler  to  permit  of  cleaning  tubes  with  economy 
in  labor  as  compared  with  the  setting  shown  in  Fig.  1.  Further, 
some  means  should*  be  provided  for  taking  care  of  the  water  used  in 
cleaning  and  the  resulting  scale  and  dirt  which  would  be  discharged 
from  the  front  headers,  otherwise  a  bad  mess  will  be  made  in  front 
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of  the  boilers  and  the  grates  and  the  ignition  arch  would  suffer  dam- 
age, with  consequent  increased  repairs  and  depreciation. 

The  writer  would  like  to  know  what  advantages  are  claimed  for 
the  setting  shown  in  Fig.  5  over  that  in  Fig.  1. 

Mr.  John  B.  C.  Kershaw  (The  West  Lancashire  Laboratory, 
Waterloo,  Liverpool,  Eng.)  :  I  am  greatly  interested  in  the  results 
set  forth  in  Mr.  Bement's  paper.  The  idea  of  constructing  an  arched 
combustion  chamber — below  the  tubes  of  a  water-tube  boiler  is  not 
new,  but  Mr.  Bement  has  improved  upon  earlier  designs,  and  is  the 
first  engineer  to  publish  tests  showing  the  superior  efficiency  of  the 
modified  furnace  and  setting.  Mr.  W.  H.  Booth  and  myself  in  our 
book  on  Smoke  Prevention,  published  by  Constable  &  Co.  in  1904, 
have  also  advocated  this  form  of  construction  for  the  furnaces  of 
water-tube  boilers,  and  have  shown  that  such  a  combustion  chamber 
is  essential  when  burning  bituminous  fuel  under  this  type  of  boiler. 
On  page  56  of  this  book,  a  water-tube  boiler  setting,  with  a  double 
arch  above  the  grate,  is  shown  and  described,— while  on  page  153 
of  the  same  book  the  Miller  form  of  furnace  construction,  for  these 
boilers  is  described  and  illustrated.  The  latter  construction  is  now 
in  use  in  a  large,  number  of  electricity  supply  stations  in  the  United 
Kingdom, — and  also  at  Messrs.  Crompton's.  Engineering  Works  at 
Chelmsford.  Although  this  method  of  construction  has  been  adopted 
in  many  works  in  the  United  Kingdom,  I  am  not  aware  that  any 
comparative  figures  based  on  actual  tests  showing  the  superior  effi- 
ciency of  the  improved  setting  have  been  published,  and  I  am  there- 
fore greatly  indebted  to  Mr.  Bement  for  supplying  this  missing  link 
in  the  chain  of  argument.  Boiler-makers  and  users  as  a  class  seem 
to  be  singularly  conservative  in  their  views  upon  the  design  and  work- 
ing of  steam-boilers.  It  is  little  to  their  credit,  that  years  of  effort 
and  talking  have  been  required,  to  convince  them  that  any  improve- 
ment upon  the  ordinary  design  of  furnace  for  water-tube  boilers  is 
possible.  The  scientific  principles  of  combustion  have  too  often  been 
absolutely  ignored,  in  connection  with  this  type  of  boiler,  and  fully 
one-half  of  the  factory  smoke  produced  at  the  present  day,  may  be 
t  ascribed  to  the  ignorance  or  prejudices  of  those  who  build  and  use 
this  type  of  steam-boiler. 

However,  we  may  hope  that  such  papers  as  those  contributed  by 
Mr.  Bement  to  your  Society,  are  slowly  helping  to  break  down  this 
wall  of  conservatism,  prejudice  and  ignorance  and  that  in  time  the 
production  of  black  smoke  from  factory  boiler  installations  will  have 
become  a  rare  and  striking  phenomenon. 

One  omission  there  is  in  Mr.  Bement's  paper  which  I  trust  he  will 
make  good  in  his  reply  to  the  discussion  and  that  is,  the  omission  of 
any  information  as  to  the  character  and  cost  of  the  materials  used, 
for  building  his  brick  arch,  over  the  grate, — and,  the  life  of  the  same 
arch  under  normal  conditions  of  work. 

President  Abbott:  The  amount  as  well  as  the  kind  of  criticism 
which  has  greeted  Mr.  Bement's  rather  simple  paper  appears  to  be 
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out  of  all  proportion  to  any  statements  therein  contained,  and  would 
lead  to  the  inference  that  he  has  touched  upon  an  exceedingly  live 
and  tender  subject.     t 

I  refer  to  the  paper  as  a  simple  one  because  it  is  merely  a  compari- 
son of  the  performances  of  two  water  tube  boilers,  one  with  a  tile 
roof  above  the  furnace  and  one  without ;  and  as  my  name  has  been 
mentioned  in  connection  with  the  adaptation  of  such  a  tile  roof  to 
boilers  and  furnaces  of  this  kind,  it  may  riot  be  out  of  place  for  me 
to  contribute  to  the  discussion. 

There  are  many  features  which  go  to  make  up  a  boiler  design, 
just  as  there  are  many  conditions  which  contribute  to  the  results  of  a 
boiler  test,  and  in  order  to  compare  by  a  steaming  test  two  boilers 
as  regards  certain  features  of  their  respective  designs,  it  is  essential 
that  all  other  features  and  conditions  be  identical  or  else  that  a  proper 
correction  be  applied  to  the  results  to  allow  for  the  effect  of  the 
points  of  dissimilarity. 

Mr.  Bement  attempts  to  show  the  value  of  a  tile  roof  above  a 
furnace  by  making  a  comparison  between  the  results  obtained  with  a 
boiler  having  such  a  furnace  and  a  similar  boiler  with  an  ordinary' 
furnace,  and  if  these  two  pieces  of  apparatus  had  been  alike  in  all 
other  features,  the  comparison  would  have  been  easy  to  make.  Un- 
fortunately, however,  for  the  simplicity  of  the  case,  there  were 
other  points  of  dissimilarity,  as  follows : 

Standard  Boiler  Improved  Boiler 

Draught,    Good  Poor 

Setting, Tight  Leaky 

Combustible  in  refuse, Little  Much 

The  right  of  Mr.  Bement  to  apply  some  of  the  corrections  which 
he  did  is  questioned  by  his  critics,  and  it  now  remains  for  the  author 
to  present  such  arguments  in  defense  of  his  methods  as  he  can,  but 
aside  from  such  comparisons  as  Mr.  Bement  has  made,  the  conclu- 
sions from  which  are  bound  to  be  more  or  less  questioned,  I  believe 
that  we  may  at  least  approach  the  subject  in  a  way  not  liable  to  crit- 
icism by  ignoring  the  effect  of  the  difference  in  draught  and  in  the 
condition  of  the  brick  work  and  making  a  comparison  of  the  per- 
formance of  the  two  boilers  on  the  basis  of  ratio  between  water  evap- 
orated and  combustible  burned. 

For  this  purpose  I  have  compared  the  average  of  the  eighteen 
Fisk  Street  tests,  which  Mr.  Bement  cites,  with  the  average  of  the 
three  Cedar  Rapids  tests,  as  follows : 

Standard  Boiler     Improved  Boiler 

Draft  over   fire 0-713  m-  0.226  in. 

C02    9.52  7.16 

Lbs.     of    combustible    burned    per 

square  foot  of  grate  per  hour.  . .  .29.43  27.69 
Square   feet  of  heating  surface  per 

B.  H.  P.  developed 7.44  6.61 
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Lbs.  water  evaporated  per  hour  per 

square  foot  of  heating  surface.  .  .  .   4.63  5.22 

Lbs.    water    evaporated    per    lb.    of 

combustible   burned 9-^7  IO-47 

From  the  foregoing  it  appears  that,  in  spite  of  the  handicap  which 
the  improved  boiler  had  to  contend  with  in  the  way  of  poor  draft 
and  of  excess  air  through  its  faulty  setting,  it  actually  excells  its 
rival  both  in  the  amount  of  water  evaporated  per  square  foot  of 
heating  surface  and  in  the  amount  of  water  evaporated  per  pound 
of  fuel  burned. 

It  would  be  interesting  to  speculate  upon  the  -extent  to  which  the 
difference  between  the  performances  of  these  two  boilers  would  have 
been  increased  had  all  conditions  been  equally  favorable,  but  in  the 
absence  of  more  definite  information  we  may  content  ourselves  with 
the  assurance  that  from  the  showing  already  made  the  simple  appli- 
cation of  a  tile  roof  of  moderate  length  to  a  boiler  furnace  increases 
both  the  boiler  efficiency  and  the  boiler  capacity,  to  say  nothing  of 
solving  the  annoying  smoke  problem. 

Mr.  Carl  Scholz,  (Chicago,  President  Rock  Island  Coal  Co.,  and 
Coal  Valley  Mining  Co.)  :  Mr.  Bement's  investigations  and  discus- 
sions are  of  much  value  and  interest,  but  I  am  of  the  opinion  that 
sufficient  time  and  attention  has  now  been  given  to  the  Heine  and 
other  water  tube  boilers  and  the  different  settings  of  these  types,  and 
I  would  advocate  that  the  members  of  this  society  make  a  more  thor- 
ough study  and  devise  improvements  for  the  boiler  plants  now  in 
existence  containing  return  tubular  boilers.  From  what  I  can  learn 
there  are  about  6,000  high  pressure  boilers  in  the  city  limits  of  Chi- 
cago. Of  this  number  350  plants  generate  500  H.  P.  or  more.  I  am 
unable  to  say  how  many  boilers  are  included  in  the  350  plants,  but 
feel  safe  in  estimating  six  boilers  would  be  a  fair  average ;  hence, 
there  are  3,500  boilers  in  about  eight  times  as  many  small  plants  com- 
posed largely  of  single  or  double  units.  It  is  possible  that  the  350 
large  plants  generate  the  majority  of  power  and  do  so  under  eco- 
nomical  and  favorable  conditions  from  the  standpoint  of  the  smoke 
nuisance,  and  the  most  good  can  be  accomplished  by  remedying  the 
smoke  evil  in  the  small  plants,  because  of  their  number. 

Sometime  ago  I  attended  a  meeting  of  this  society  when  the 
Chief  Engineer  of  the  Stratford  Hotel  Company  made  a  statement 
which  impressed  me  very  favorably.  He  had  certain  conditions  to 
meet  and  he  solved  this  problem  after  having  thoroughly  analyzed  his 
conditions.  This  is  what  I  think  the  members  of  this  body  should 
do  to  a  greater  extent.  It  is  far  from  my  intention  not  to  give  Mr. 
Bement's  article  read  tonight  all  possible  credit,  but  it  is  nothing 
more  than  a  recitation  of  facts  which  have  been  developed  a  great 
many  times,  not  alone  before  this  body  but  at  the  University  of  Il- 
linois at  Champaign,  where  boiler  plants  of  the  Heine  type  were 
perfected  to  such  an  extent  as  to  be  practically  smoke  proof,  or  bet- 
ter said  "fool"  proof.     I  differ  with  many  of  my  scientific  friends 
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as  to  the  remedy  of  the  smoke  evil.  That  water  tube  boilers  with 
special  settings,  give  good  results,  and  undoubtedly  more  economi- 
cally, is  willing}-  agreed  to ;  yet  we  cannot  expect  to  shut  down  every 
boiler  plant  in  the  city  and  install  Heine  boilers  or  other  preferred 
types.  I  do  not  think  that  the  city  can  adopt  ordinances  to  that 
effect,  and  I  do  not  believe  it  will  do  so,  because  the  industries  of  this 
city  are  of  much  importance  and  are  entitled  to  reasonably  lenient 
treatment  at  least.  Speaking  for  the  producers  of  coal  in  Illinois 
and  Indiana  and  at  the  same  time  for  the  fuel  consumers  of  this  city, 
who  are  entitled  to  purchase  their  coal  at  the  lowest  cost,  and  the 
railroads  by  whom  I  am  employed  as  Mining  Engineer,  who  carry  a 
large  part  of  the  coal  to  this  city,  I  appeal  to  this  body  to  devote 
mere  time  and  attention  to  the  proper  setting  of  boilers  now  in  exist- 
ence. The  repeated  arguments  regarding  the  Heine  water  tube 
boiler  may  create  the  impression  that  that  type  of  boiler  alone  is 
capable  of  producing  the  result  which  we  seek  to  establish.  It  is  my 
opinion  that  while  I  do  not  desire  to  depreciate  the  value  of  the 
Heine  boiler,  the  same  results  can  be  accomplished  with  other  boilers. 
As  a  parallel  case,  I  may  say  that  if  all  the  doctors  in  the  city  would 
prescribe  the  same  patent  medicine  for  the  various  kinds  of  illness 
that  human  fleh  is  subject  to,  we  would  soon  have  no  use  for  doctors 
and  their  prescriptions.  I  am,  therefore,  an  advocate  of  a  study  of 
conditions  existing  and  the  application  of  the  remedy  as  befits  the 
case. 

I  have  been  investigating  various  so-called  smoke  consumers,  and 
preventers,  and  am  frank  to  say  that  I  think  some  of  them  accom- 
plish their  purpose.  The  underlying  principle  of  all  successful  pre- 
venters I  am  familiar  with  is  the  application  of  either  forced  or  in- 
duced draft.  Several  of  my  friends  have  ridiculed  the  fact  of  my 
interest  in  these  devices,  on  the  claim  that  a  properly  designed  boiler 
correctly  set  does  not  need  any  device.  This  may  be  true,  but  since 
we  have  many  improperly  designed  boilers  which  are  incorrectly  set 
and  are  not  properly  fired,  it  seems  to  me  the  engineer  is  the  proper 
party  to  determine  what  steps  should  be  taken  to  make  this  boiler 
smoke  proof,  or  at  least  reduce  the  smoke  so  it  will  not  be  a  nuisance. 

Sometime  ago  a  drawing  of  a  device  was  sent  to  me  for  approval, 
with  the  request  that  I  become  financially  interested  therein.  I 
passed  the  drawings  around  among  engineers,  and  they  were  re- 
turned with  statements  containing  more  or  less  ridicule  and  sarcasm  ; 
nevertheless,  this  device  has  been  installed  to  a  boiler  and  the  build- 
ing is  now  using  Illinois  coal  and  makes  no  more  smoke  than  it  did 
before  with  Pocahontas  coal.  I  merely  mention  this  to  show  that  we 
sometimes  under-estimate  the  value  of  devices  and  do  not  deem  them 
worthy  of  trial  or  investigation,  simply  because  the  principle  advo- 
cated therein  does  not  coincide  with  our  views. 

The  coal  producers  of  Illinois  are  only  asking  for  their  rights 
when  they  appeal  to  the  Western  Society  of  Engineers  that  it  inves- 
tigate such  plants  as  are  generating  obnoxious  smoke  and  study  the 
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modification  of  boiler  setting.  There  is  a  large  field  of  labor  open 
to  engineers  which  has  not  been  worked  and  which  will  prove  profita- 
ble, not  only  to  the  profession,  but  to  the  coal  consumers  who  are 
now  paying  high  prices  for  coal  brought  from  other  states  and 
which  prevents  our  nearby  mines  from  getting  the  share  of  business 
thev  are  entitled  to.  The  Illinois  Coal  Operators'  Association  thor- 
oughly appreciates  this  subject,  and  in  the  constitution  recently 
adopted  provision  has  been  made  for  a  committee  of  nine  members 
to  investigate  the  subject  of  proper  firing  of  Illinois  coal  and  smoke 
abatement.  I  trust  that  the  members  of  this  Society  will  establish 
close  relations  with  the  Coal  Operators'  committee  and  bring  about 
material  improvements. 

Mr.  Walter  T.  Ray  and  Mr.  Henry  Kreisinger,  m.w.s.e.,  (U.  S. 
Geological  Survey)  :  This  paper  gives  very  important  data  on  the 
benefits  of  tile  roofs  to  boiler  furnaces, — the  gain  is  about  10  per 
cent  in  completeness  of  combustion. 

It  is  self-evident  that  when  the  lower  surface  of  the  tubes  is  cov- 
ered with  tiles  it  can  receive  no  heat  directly  by  radiation  from  the 
fuel-bed,  bridgewall,  flames,  etc.  Nevertheless  a  great  deal  of  heat 
does  pass  through  the  tiles  by  conduction  and  is  imparted  to  the 
tubes  by  radiation  across  a  fraction  of  an  inch  and  by  direct  contact 
on  the  sides  of  the  tubes.  It  will  be  recalled  that  the  Nernst  Lamp 
utilizes  the  fact  that  the  metalic  oxides  become  excellent  electrical 
conductors  at  high  temperatures ;  it  is  a  general  law  of  physics  that 
heat  conductivity  increases  along  with  electrical  conductivity.  In 
the  case  of  fire-clay  this  increase  is  quite  rapid,  probably,  so  that  at 
high  furnace  temperatures  the  amount  of  heat  reaching  the  tubes 
through  the  tiles  must  be  large.  It  would  be  very  interesting  to  see 
some  laboratory  investigations  made  on  the  heat  conductivity  of  all 
kinds  of  fireclay  products  at  various  high  temperatures.  Undoubt- 
edly the  best  "Dutch  Oven"  of  today  could  then  be  improved. 

The  lowest  row  of  tubes  in  a  Heine  boiler  does  far  more  work 
than  any  other,  even  when  completely  encased  in  tiles,  as  is  shown 
by  direct  measurements  described  in  a  paper  read  before  this  society 
March  20,  1907,  by  Prof.  L.  P.  Breckenridge,  entitled  "A  Review  of 
the  United  States  Geological  Survev  Fuel  Tests  under  Steam  Boil- 
ers." 

We  wish  especially  to  point  out  the  fact  that  the  vital  point  in  Mr. 
Bement's  paper  is  the  difference  in  the  unaccounted  for  items  with 
and  without  the  completely  encased  tubes.  Comparisons  between 
boiler  performances  for  the  purpose  of  obtaining  data  on  incidental 
features  should  either  be  made  on  boilers  and  settings  exactly  the 
same  in  all  other  dimensions,  or  else  some  function  should  be  selected 
as  an  index  which  is  directly  dependent  on  the  feature  investigated. 
Mr.  Bement  has  done  this  by  calculating  the  percentage  of  loss  due 
to  incomplete  combustion.  It  is  especially  dangerous  to  compare^ 
boilers  on  the  basis  of  area  of  heating  surface.  For  instance,  two 
boilers  of  the  B.  &  W.  type,  exactly  alike  in  length,  diameter  and 
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number  of  tubes,  and  of  the  same  number  of  rows  vertically,  hav- 
ing as  their  only  difference  the  distance  apart  of  the  tubes  in  the 
rows  horizontally,  may  have  very  different  boiler  efficiencies.  It  is 
very  probable  that  the  narrower  boiler  with  the  tuhes  closer  together 
will  have  the  higher  efficiency,  for  the  reason  that  the  gases  will  pass 
between  the  tubes  at  a  higher  velocity,  and  hence  will  impart  more 
heat  to  them.  The  other  factors  influencing  heat  absorption  would 
be  the  same  in  both  cases  on  the  average, — these  factors  being  den- 
sity of  gases  and  temperature  difference  between  gases  and  water.* 

Dr.  D.  T.  Randall,  (U.  S.  Geological  Survey,  Washington,  D.  C.)  : 
There  is  one  thing  which  has  been  touched  on  that  I  might  add  to  a 
little,  and  that  is  in  regard  to  the  unconsumed  gases.  Some  one 
asked  the  question  as  to  how  much  that  might  amount  to.  The  Man- 
chester, England,  Committee  for  Testing  Smoke-preventing  Ap- 
pliances went  into  this  question  of  smokeless  combustion,  and  made 
some  analyses  of  the  many  plants  smoking  and  those  not  smoking, 
to  determine  whether  there  were  combustible  gases  being  lost  or  not 
which  accompanied  the  soot.  It  was  found  that  in  practically  all 
cases  where  smoke  was  present  there  was  a  loss  due  to  carbon  mo- 
noxide, and  often  there  were  other  combustible  gases  such  as  hydro- 
gen, methane  and  ethylene  shown  in  the  analyses.  The  losses  which 
may  be  calculated  in  the  heat  balance  due  to  those  gases  may  amount 
to  as  much  as  10%  ;  and  sometimes  under  bad  conditions  to  much 
higher  percentages.  (For  discussion  of  this  subject  see  page  ioi, 
U.  S.  Geological  Survey  Bulletin  No.  325,  "A  Study  of  400  Steam- 
ing Tests").  The  radiation  losses  from  the  boiler  seem  to  be  a  dis- 
puted question,  because  the  radiation  taken  by  itself  is  a  difficult 
thing  to  determine.  It  is  generally  assumed  to  be  about  five  per 
cent,  and  from  all  the  information  which  we  have  been  able  to  gather, 
it  probably  is  not  much  less  than  three  per  cent,  as  a  rule. 

I  might  say,  in  connection  with  the  United  States  Geological  Sur- 
vey tests  mentioned  tonight,  that  there  was  almost  always  a  high 
unaccounted  for  loss,  which  seems  to  be  in  part  due  to  incomplete 
combustion  of  the  gases.  This  unaccounted  for  loss  amounted  in 
most  cases,  to  8%  or  9%.  The  furnace  used  was  a  hand  fired  one 
and  some  of  the  loss  was  probably  due  to  the  hand  firing.  It  is  prob- 
able that  in  a  chain  grate  furnace  as  described  in  the  paper,  such 
losses  can  be  considerably  reduced. 

Mr.  R.  H.  Kuss,  m.w.s.e.  (Assistant  Smoke  Inspector  of  Chi- 
cago) :  The  impression  that  I  get  from  the  paper  is  not  so  much 
from  a  close  study  of  the  paper  itself  or  from  the  discussions  just 
given,  but  more  from  the  discussion  at  my  table  in  the  office  of  the 
Smoke  Department  which  many  of  you  have  visited  in  the  past.  I 
feel  that  there  is  a  growing  improvement  in  the  matter  of  under- 
standing of  the  problems  involved  in  the  burning  of  coal.  The  first 
people  that  came  into  the  office  spoke  as  though  there  was  just  one 
problem  involved,  and  that  was  the  boiler,  meaning  by  that  a  unit 
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in  itself.  Later,  people  have  indicated  to  me  that  this  paper  and 
some  others  that  have  appeared  before  are  responsible  for  an  analy- 
sis of  the  subject  under  two  heads,  as  pointed  out  by  Mr.  Harrington ; 
heat  generation  is  one  division  of  the  subject  and  heat  absorption  is 
another.  Perhaps  one  which  he  did  not  mention,  though  also  very 
important,  is  the  operation  and  maintenance  of  the  apparatus.  The 
paper,  as  I  take  it,  emphasizes  that  you  must  segregate  the  two  pro- 
cesses of  heat  generation  and  heat  absorption.  The  separation  of 
the  two  processes  is  accomplished  in  the  case  of  the  Cedar  Rapids 
installation  by  the  interposition  of  a  tile  roof.  Unfortunately,  when 
we  adopt  the  tile  roof  we  are  likely  to  sacrifice  something  else  unless 
we  are  very  careful.  If  we  should  sacrifice  effective  heating  surface 
by  adopting  a  tile  roof,  we  might  well  expect  to  reject  the  system. 
However,  in  this  particular  comparison,  the  overall  results  of  the 
two  systems  of  baffling  seems  to  be  in  favor  of  the  tile  roof.  Let  us 
grant  for  the  time  being  that  the  Fisk  Street  station  boilers  are  better 
adapted  to  heat  absorption  because  of  the  baffling  treatment ;  the  ar- 
gument then  simply  results  in  the  conclusion  that  the  furnace  effi- 
ciency of  the  Cedar  Rapids  boiler  is  even  higher  than  that  represented 
by  the  difference  between  the  overall  efficiencies  of  the  two  settings 
compared. 

Having  found  a  way  to  improve  the  heat  generation  efficiency,  the 
next  step  is  to  conserve  as  high  a  boiler  efficiency  as  possible.  Re- 
ferring to  Fig.  i,  this  might  be  accomplished  in  part  by  the  exten- 
sion of  the  second  flame  plate  in  the  gas  path  so  as  to  take  in  all  of 
the  tubes  instead  of  cutting  it  off  on  its  lower  end  as  was  done.  Of 
course,  this  would  necessitate  the  raising  of  the  boiler  away  from 
the  arch  which  would  have  to  take  the  place  of  the  tile  roof  so  that 
an  adequate  opening  from  the  second  to  the  third  pass  could  be  ob- 
tained. Add  to  this  a  manner  of  placing  the  transverse  flame  plates 
so  that  less  and  less  heating  surface  is  encountered  at  every  succeed- 
ing section  of  the  gas  passage  (agreeing  to  some  degree  with  the 
loss  in  temperature  and  volume  of  the  gases)  the  heating  surface 
could  then  be  made  more  effective  than  for  either  of  the  cases  shown 
in  Fig.  i  and  Fig.  2. 

All  of  this  simply  means  to  me  that  in  order  to  make  a  great  deal 
of  progress  we  must  endeavor  to  find  out  for  any  case  what  the  fur- 
nace does  as  a  furnace  and  what  the  boiler  does  as  a  boiler ;  then 
after  a  year  of  experience  find  out  whether  the  manner  of  installation 
selected  as  a  combination  is  excessively  difficult  to  maintain  and 
keep  clean  thereby  offsetting  some  of  the  gain  by  selecting  the  most 
economical  operating  setting. 

In  the  matter  of  draft  comparisons  occurring  in  the  paper  it 
might  be  well  to  remember  that  the  amount  of  draft  over  the  fire  is 
influenced  by  the  condition  of  the  fuel  bed  which  if  heavy,  results 
in 'a  correspondingly  higher  draft.  Where  the  draft  over  the  fire  is 
increased  by  reason  of  the  fuel  bed  condition,  the  rate  of  combus- 
tion decreases  rather  than  increases  with  the  increase  of  draft,  since 
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the  resistance  to  air  passage  through  the  fuel  bed  increases  and  the 
rate  of  combustion  is  dependent  to  some  degree  upon  the  rate  at 
which  air  passes  through  the  fuel  bed.  The  preceding  remarks  are 
true  if  the  fuel  bed  resistances  compared  are  based  upon  uniform 
fuel  thicknesses,  for,  if  the  draft  is  relatively  lower  owing  to  un- 
even fires  or  holes,  the  result  is  likely  to  be  low  rates  of  combustion. 
Much  of  the  adverse  criticism  that  has  arisen  during  the  discussion 
would  have  been  avoided  had  a  fourth  column  been  added  to  Table 
3,  this  column  representing  the  figures  obtained  from  the  Fisk  Street 
tests  that  are  used  in  the  comparisons. 


Fig.  7.    Box  header  type  of  boiler  with  tile  roof  and  three  gas  passes. 

The  discussion  of  this  evening  brings  out  one  thing  that,  should 
not  be  overlooked.  It  is  entirely  wrong  to  compare  the  performance 
of  one  type  of  coal  feeding  apparatus  with  that  of  a  hand  fired  plant 
even  though  there  may  be  a  tile  roof  employed  in  each  case,  unless 
it  is  done  merely  to  investigate  into  the  general  over-all  results.  The 
fact  that  the  United  Stales  I  ieological  Survey  employed  a  tile  roof 
furnace,  hand-fired,  should  not  be  held  to  be  a  sufficient  cause  why 
the  results  ought  to  be  identical  with  a  traveling  grate  in  such  par- 
ticulars as  the  rate  of  combustion  per  square  foot  of  grate  surface 
per  hour.  It  is  wrong  to  say  because  the  average  rate  of  combus- 
tion on  the  U.  S.  G.  S.  grates  was  in  the  neighborhood  of  25  lbs.  per 
square  foot  per  hour  and  a  higher  average  rate  resulted  in  smoke 
emission  that  a  hand-fired  furnace  with  a  tile  roof  could  accommo- 
date only  this  rate  smokelessly  for  any  particular  short  period.  The 
facts  are  that  with  any  high  temperature   furnace,  hand-fired,  the 
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rate  of  combustion  is  decidedly  high  immediately  after  firing,  grad- 
ually reducing  until  an  average  result  of  the  rate  found  by  compu- 
tation is  that  of  the  figures  resulting  from  the  use  of  the  total  num- 
ber of  pounds  of  coal  burned  during  the  entire  test. 

Consider  now  what  would  happen  as  to  smoke  with  a  traveling 
grate  feeding  fuel  so  that  its  rate  of  supply  equaled  the  maximum 
attained  combustion  rate  of  the  hand-fired  installation.  The  propor- 
tions even  of  the  traveling  grate — tile-roof  furnace  might  not  be 
adequate  to  allow  the  evolved  gases  to  be  completely  consumed,  and 
might  possibly  result  in  objectionable  smoke  to  nearly  the  same  de- 
gree as  is  met  with  in  a  hand-fired  plant  with  the  same  proportions 
existing  in  the  combustion  chamber. 

The  writer  of  the  paper  deserves  a  good  deal  of  cerdit  for  bring- 
ing about  an  installation  that  in  the  first  place  takes  into  account  the 
advantages  of  an  efficient  furnace  and  in  the  second  place  conserves 
the  usefulness  of  the  boiler  by  an  ingenious  application  of  gas-baf- 


Fig.  8.    Box  header  type  of  boiler  with  tile  roof  and  five  gas  passes. 

fling  well  calculated  to  overcome  some  features  about  which  there 
has  long  been  controversy.  It  must  be  through  the  selection  of  the 
best  furnaces  connected  up  with  boilers  properly  baffled  that  sub- 
stantial progress  in  the  economical  use  of  coal  will  eventuallv  be 
brought  about. 

Mr.  W.  J.  Williams,  (Chicago,  Edge  Moor  Iron  Works)  :  In 
order  to  insure  the  success  of  any  project,  it  is  necessary  to  have  co- 
operation. It  is  well  known  that  in  order  that  we  have' a  successful 
novel,  the  reader  must  collaborate  with  the  writer,  the  audience  with 
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the  actor,  etc. ;  so  with  engineering-  problems,  the  manufacturer  must 
collaborate  with  the  engineer.  Of  course,  all  up-to-date  manufac- 
turers have  a  large  engineering  force,  but  these  men  must  neces- 
sarily work  in  a  rather  restricted  field  and  not  have  the  opportunity 
of  meeting  all  subjects  and  engineering  conditions  in  the  same  man- 
ner as  the  consulting  engineer. 

In  the  early  part  of  1906  Mr.  Bement  asked  us  if  we  would  build 
a  boiler  for  the  Cedar  Rapids  &  Iowa  City  Ry.  &  Light  Co.,  con- 
forming to  his  designs  shown  by  Figs.  7  and  8,  which  embodied  the 
essential  features  of  that  shown  in  his  paper.  We  told  him  that  we 
would  and  submitted  the  design,  Figs.  9  and  10.    When  some  of  our 


Fig.  9.    Edge  Moor  boiler  with  tile  furnace  and  five  gas  passes. 


competitors  learned  that  we  were  willing  to  do  this,  and  in  order  to 
make  the  sale  of  their  boilers,  they  also  agreed  to  employ  a  tile  roof 
and  were  willing  to  conform  to  his  demands,  although  we  under- 
stand they  made  serious  protest.  Unfortunately,  we  were  not  suc- 
cessful in  securing  this  business,  but  since  then  we  have  used  the 
scheme  of  baffling  and  the  tile  roof  with  excellent  results. 

For  the  Western  coals  which  are  high  in  volatile  carbon,  it  is  nec- 
essary to  have  some  type  of  furnace  where  the  combustion  will  be 
complete  before  the  hot  gases  strike  the  colder  surface  of  the  boiler, 
and  we  believe  that  Mr.  Bement's  scheme  is  the  best  method  that  is 
known  of  at  present,  as  it  combines  the  horizontal  furnace  roof  with 
the  vertical  flame  passes. 

We  have  used  and  are  installing  this  system  of  baffling  in  the  fol- 
lowing plants : 
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Continental  Realty  Co.,  Milwaukee,  Wis. 

Cook  County  Insane  Asylum,  Dunning. 

Hills-Benedict  Linseed  Oil  Co.,  Chicago. 

We  have  also  used  and  installed  boilers  with  the  encircling  tile 
and  a  modified  form  of  baffling  at  the  following  plants : 

J.  V.  Farwell  &  Co.,  Chicago. 

Minahan  Building  Co.,  Green  Bay,  Wis. 

Medinah  Temple,  Chicago. 

Chicago  Title  &  Trust  Co.,  Chicago. 

New  York  Life  Bldg.,  Chicago. 

The  installation  in  the  Medinah  Temple  is  shown  by  Figs,  n  and 
12. 


Fig.    10.     Cross   section    of  Fig.   9   showing  Edge   Moor  boiler   with   tile 

furnace. 

Mr.  Joseph  Harrington,  (Chicago,  Superintendent  Green  Engi- 
neering Co.)  :  I  cannot  enter  into  any  careful  analyses  of  the  fig- 
ures contained  in  the  paper,  but  I  believe  that  Mr.  Bement  handled 
this  subject  as  it  is  ordinarily  handled,  by  considering  the  entire 
boiler  and  its  setting  as  a  single  unit.  That  is  the  customary  way. 
Handling  it  in  this  way  renders  it  rather  difficult  to  separate  the 
various  operations  of  production  and  absorption  of  heat. 

The  stoker  and  its  furnace  are  for  the  purpose  of  producing  the 
heat,  and  the  boiler  is  for  the  purpose  of  absorbing  the  heat — quite 
contrary  operations — and  it  seems  to  me  that  in  any  intelligent  dis- 
cussion of  efficiency,  these  two  parts  of  the  subject  should  be  sep- 
arated. The  figures  for  efficiency,  as  outlined  in  the  paper,  cause 
some  doubt  in  my  mind,  because  of  the  different  initial  conditions, 
or  conditions  at  the  point  of  entrance  to  the  heating  surface  of  the 
boiler.  The  tests  were  carried  on  at  quite  different  rates;  the  flue 
gas  analyses  were  quite  different ;    the  conditions  surrounding  the 
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operation  of  the  coal  combustion  were  different,  so  that  I  do  not  see 
how  the  two  boilers  by  themselves,  considered  merely  as  absorbing 
machines,  can  be  directly  compared.  Whatever  difference  is  found  in 
these  two  series  of  tests  I  believe  to  be  due  entirely  to  the  furnace 


.  ■ 


Fig.   11.    Edge  Moor  boiler  and  tile  roof  furnace  in  Medinah  Temple, 

Chicago. 


12.    Cross  section  of  Fig.  11. 


conditions.  The  Cedar  Rapids  setting  was  more  or  less  leaky,  the 
water  back  was  set  higher  than  it  should  have  been  for  the  efficient 
operation,  the  low  C02  in  the  flue  gases  would  indicate  the  infiltra- 
tion of  cold  air.  the  lack  of  smoke  would  indicate  more  or  less  per- 
fect combustion  ;  all  of  these  things  would  indicate  quite  a  different 
condition  at  the  entrance  to  the  heating  surface  of  the  boiler.  It 
would  seem  to  me,  therefore,  that  the  question  of  the  relative  effi- 
ciency of  these  two  settings  is  entirely  a  question  of  the  relative  effi- 
ciency in  the  process  of  burning  the  coal. 

Now  there  is  a  difference  of  about  lO%  in  the  heat,  which  is  classi 
fied  as  radiation  and  losses  unaccounted  for.    This  item  would  prob- 
ably be  analyzed  as  consisting  of  unconsumed  carbon — carbon  mo- 
noxide— and    incompletely    consumed    hydrocarbons.      These    com- 
binations of  hydrogen  and  carbon  were  present  and  as  hydrogen  has 
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a  strong  affinity  for  oxygen  it  is  burned  before  the  pure  carbon  of 
the  smoke  is  oxidized.  Consequently  wherever  the  smoke  is  entirely 
eliminated  it  is  a  fair  assumption  that  the  hydrocarbons  contained  in 
the  same  gases  have  been  consumed.  If  this  assumption  is  correct 
it  simply  means  that  smokeless  combustion  is  efficient  combustion. 
Therefore  this  comes  back  to  the  problem  which  you  probably  have 
heard  mentioned: — the  smoke  question.  If  these  gases  were  burned 
to  a  smokeless  condition,  the  probability  is  that  the  combustion  was 
much  more  efficient  than  in  the  case  where  much  more  «moke  was 
produced. 

I  am  not  going  to  discuss  the  question  of  smoke  prevention  at 
this  time,  but  the  tile  roof  furnace  as  shown  in  Fig.  i,  in  connection 
with  the  chain  grate,  is  the  primary  reason  for  the  smokeless  condi- 
tion of  the  gases  and  consequent  higher  efficiency  of  the  setting. 
Xow.  whether  it  is  necessary  that  this  particular  tile  roof  furnace 
should  be  produced  by  hanging  tiles  on  the  lower  row  of  tubes,  or 
whether  it  could  be  produced  with  equal  efficiency  by  a  flat  arch  or 
other  form  of  arch  in  a  Dutch  oven  entirely  in  front  of  the  boiler,  I 
believe  to  be  easy  to  answer.  It  is  merely  a  question  of  producing 
complete  combustion  of  the  gases  and  consequent  economic  com- 
bustion. The  necessity  for  this  particular  form  I  do  not  believe  ex- 
ist-. There  are  many  installations  of  chain  grates  in  Dutch  ovens 
with  the  vertical  pass  type  of  boiler  silimar  to  that  shown  in  Fig.  2, 
the  standard  setting  of  the  B.  &  W.  boilers,  that  are  absolutely  smoke- 
less, and  I  therefore  question  the  contention  that  to  produce  a  high 
economy  and  smokeless  condition  of  the  stack  this  particular  setting 
is  essential.  There  are  other  ways  of  producing  this  condition 
which  are  actually  in  existence. 

President  Abbott:  In  this  connection  it  might  be  of  interest  for 
me  to  read  a  paragraph  which  appeared  in  one  of  the  evening  papers 
today : 

BLOW    FOR   SMOKE   LAWS. 

"The  smoke  ordinance  of  Chicago  was  dealt  a  blow  by  a  decision 
"of  the  Supreme  Court  handed  down  today  in  the  case  of  the  city 
"against  John  E.  Knobel  and  the  Heyworth  Building,  in  which  the 
"decision  of  the  Municipal  Court  finding  the  defendant  guilty  of 
"violation  of  the  ordinance  is  reversed.  The  ruling  of  the  upper 
"court  upholds  the  contention  that  no  matter  how  great  the  smoke 
"nuisance  it  is  only  necessary  for  the  perpetrator  to  show  that  he 
"has  installed  the  latest  devices  to  abate  the  nuisance  and  is  doing  all 
"in  his  power  to  make  them  effective." 

HOLDS    CITY    COURT    ERRED. 

'The  Supreme  Court  held  that  the  Municipal  Court  erred  in  ex- 
cluding from  the  trial  evidence  showing  that  the  defendant  had 
"made  use  of  the  latest  smoke-consuming  plants.  The  court  says: 
"  'It  appears  plainly  from  the  record  that  no  method  has  been  found 
"by  which  in  large  buildings  it  is  practicable  to  install  a  plant  that 
"sometime  during  the  day  will  not  emit  smoke  and  gases.'  " 
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I  think  that  decision  is  the  best  thing  which  ever  happened  to  the 
smoke  crusade  of  the  city.  It  will  put  the  officers  of  the  Smoke 
Department  on  their  metal  to  ascertain  what  will  produce  smokeless 
combustion,  and  to  prescribe  to  the  coal  users  such  a  design  for 
their  furnace  as  will  produce  those  results.  Heretofore  it  has  only 
been  necessary  for  the  smoke  inspectors  to  testify  in  court  that  at 
two  o'clock  last  week  there  was.  smoke  issuing  for  five  minutes  from 
a  stack  at  a  certain  location.  That  was  a  matter  of  perhaps  some 
interest  to  the  victim,  but  it  did  not  at  all  assist  him  in  determining 
how  he  could  prevent  that  condition.  With  the  decision  which  is 
handed  down  today,  I  think  we  may  see  light  breaking  through  the 
smoke. 

Mr.  E.  F.  Osborne:  I  have  not  had  the  opportunity  of  going 
through  Mr.  Bement's  paper  as  thoroughly  as  I  woud  like  to.  but  in 
view  of  the  fact  that  this  discussion  has  drifted  off  a  little,  possibly 
I  may  be  allowed  to  follow,  especially  in  view  of  the  fact  that  it 
has  drifted  into  the  "smoke"'  question. 

Some  17  or  18  years  ago  I  had  occasion  to  build  two  plants.  They 
were  both  of  about  1200  horsepower,  and  it  happened  both  used  the 
same  type  of  boiler.  My  instructions  in  one  case  were  to  build  as 
good  a  plant  as  I  knew  how,  and  almost  regardless  of  expense.  Fuel 
cost  us  80  cents  a  ton  delivered.  I  have  watched  that  chimney  many 
a  time  and  could  not  tell  whether  there  was  a  fire  there  or  not.  At 
the  same  time,  as  I  stated  above,  I  was  building  another  plant  of 
about  the  same  size  which  happened  to  be  a  plant  for  making  ice, 
in  which  the  owners  of  the  plant  were  after  "output."  It  was  sug- 
gested by  me  that  we  might  make  ice  at  a  certain  price.  The  man 
who  was  paying  the  bill  said,  "I  do  not  care  what  the  ice  costs,  I 
want  output  and  I  want  it  quick."  If  you  can  get  such  and  such  an 
output  I  can  get  as  a  bonus  50  cents  a  ton  for  the  ice  from  my  plant 
and  also  for  the  ice  from  all  the  other  plants  in  this  place."  It  was 
then  about  the  first  of  February ;  the  plant  was  to  be  in  operation 
about  the  1st  of  May,  and  we  got  it  started  at  about  that  time.  The 
coal  cost  us  $3.25  a  ton.  I  have  seen  smoke  pouring  out  of  that 
stack  and  casting  a  black  cloud  over  the  city  for  two  and  a  half 
miles.  Now  the  point  is  this — if  the  engineer  is  given  money  enough, 
and  if  he  is  given  room  enough,  he  can  build  a  plant  that  will  n-ot 
produce  smoke. 

When  I  first  came  to  Chicago  in  nearly  all  the  buildings  that  were 
heated  by  steam,  the  space  from  the  grates  to  the  boilers  was  about 
12  to  14  inches,  as  in  Mississippi  River  practice,  and  the  architects 
would  not  allow  any  more,  thinking  that  this  height  or  less  was  about 
right.  The  consequence  was  we  had  a  volume  of  smoke  pouring 
out  that  could  be  seen  for  miles.  But  this  is  getting;  off  of  the  sub- 
ject. I  presume. 

Smoke  is  not  all  black,  as  Dr.  Evans  knows.  There  is  another  ele- 
ment that  has  a  very  serious  effect,  and  that  is  the  amount  of  sul- 
phur.    Of  course  much  of  our  Illinois  coal  has  a  large  amount  of 
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sulphur.  That,  I  think,  has  fully  as  deleterious  an  effect,  and  more 
so  from  the  health  standpoint,  than  the  amount  of  carbon  in  the  air. 

Dr.  IV.  A.  Evans,  (Commissioner  of  Health,  Chicago)  :  I  am  not 
competent  to  discuss  the  questions  under  consideration  this  evening. 
I  am  here  only  to  learn  something  about  the  method  of  smoke  pre- 
vention as  you  see  it,  and  do  not  feel  altogether  at  home  in  this  as- 
sembly of  engineers. 

You  know  that  I  belong  to  a  profession  that  is  supposed  to  dis- 
agree. I  have  attended  a  good  many  medical  meetings,  and  never 
attended  a  more  typical  one  than  this  tonight.  The  disagreement 
is  as  apparent  as  in  any  medical  discussion  I  ever  heard.  I  had  sup- 
posed that  engineers  were  able  to  arrive  at  conclusions  without  so 
much  difficulty. 

The  question  before  you  this  evening  from  a  purely  technical 
standpoint — from  the  standpoint  of  the  relative  efficiency  of  different 
types  of  furnaces  and  boilers — of  course  I  am  not  competent  to  dis- 
cuss. We  are  much  interested,  however,  not  only  in  my  branch  of 
the  city  government,  but  in  all  of  the  branches,  in  the  purification  of 
the  air.  When  we  come  to  study  my  side  of  it  particularly,  I  find 
that  we  are  just  as  much  at  sea  as  some  of  your  members  appear  to 
be  in  their  line. 

For  example,  we  do  not  understand  the  relation  between  air  pol- 
lution and  disease.  There  seems  to  be  a  reasonable  probability  that 
there  are  certain  diseases  such  as  consumption  which  are  contracted 
from  the  pollution  of  the  air,  and  there  are  studies  which  tend  to 
show  that  there  i?  some  demonstrable  relation,  but  yet  the  technique 
is  not  well  understood,  except  that  the  trouble  appears  to  be  in  pro- 
portion to  the  total  quantity  of  impurities  that  may  be  in  the  air. 
For  example,  in  analyzing  the  air  to  determine  its  degree  of  pollu- 
tion, we  are  accustomed  to  take  carbon  dioxide  as  a  standard  by 
which  the  safety  or  lack  of  safety  of  the  air  is  determined.  Yet  we 
realize  the  fact  that  the  carbon  dioxide  is  only  an  approximate  meas- 
ure by  which  the  degree  of  the  pollution  is  determined. 

While  the  smoke  problem  in  this  western  portion  of  the  country 
is  more  acute  than  in  any  other,  I  remember  that  at  one  time  in  New 
York  people  were  protesting  against  cinders  from  the  stack  of  loco- 
motives using  hard  coal.  The  point  was,  that  these  were  more  an- 
noying to  them  than  the  soot  about  which  we  complain,  and  the 
people  were  praying  for  the  use  of  soft  coal,  and  we  out  here  are 
praying  for  the  use  of  hard  coal,  and  I  find  that  the  different  people 
who  have  investigated  this  question  appear  to  have  come  to  a  series 
of  conclusions.  I  believe  there  has  been  smokeless  firing  of  boilers 
with  all  kinds  of  devices.  I  believe  that  perhaps  the  largest  part  of 
the  problem  rests  with  the  man  directly  in  charge  of  the  boiler,  and 
I  feel  that  we  will  not  competently  meet  the  question  in  this  country 
until  we  have  a  school  for  training  firemen,  of  a  different  standard 
than  at  present.  I  believe  the  regulation  of  smoke  consumption  will 
not  be  productive  of  a  maximum  amount  of  good  until  it  recognizes 
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the  fireman  as  a  factor  in  the  prevention  of  smoke,  and  a  legal  cogni- 
zance of  this  reason,  because  every  boiler  is  a  law  unto  itself,  or 
rather  boiler?  will  fall  into  groups  and  we  cannot  view  the  whole 
smoke  problem  as  a  single  proposition.  I  do  not  believe  it  would  be 
possible  to  build  a  stoker  that  will  handle  all  types  of  coal. 

I  have  been  especially  interested  in  this  subject  from  a  sanitary 
standpoint,  that  of  the  man  whose  clothes  have  to  go  to  the  laundry 
to  be  cleaned,  the  man  whose  house  has  to  be  painted,  etc..  in  addi- 
tion to  its  medical  phase,  but  I  learn  here  tonight,  that  it  is  also  a 
matter  of  economic  importance  to  the  coal  user.  I  believe  that  there 
is  a  general  recognition  of  the  fact  that  those  owning  boilers  are 
trying  to  make  as  little  smoke  as  possible,  but  often  after  spending 
a  great  deal  of  money  in  what  he  believes  to  be  a  solution,  an  o  vner 
comes  to  find  that  it  has  not  proved  Xo  be  so  as  far  as  his  par- 
ticular plant  is  concerned.  I  believe  there  is  more  necessity  for  pa- 
tience on  the  part  of  everybody  than  we  have  had  in  times  past,  be- 
cause it  cannot  be  said  that  we  are  ready  in  this  or  any  community 
for  a  final  solution  of  the  smoke  problem. 

At  a  meeting  in  Providence  a  gentleman  said  that  we  need  more 
research  than  administration,  and  I  believe  that  is  true  of  this  ques- 
tion of  smoke.  I  believe  that  through  meetings  such  as  this  and  re- 
search studies  such  as  these,  there  will  eventually  come  the  solution 
of  the  problem. 

Mr.  Alexander  Pntssing,  (Chicago,  Pittsburg  Meter  Company)  : 
Concerning  the  remarks  by  Prof.  Breckenridge  regarding  the  gen- 
eral proposition  of  using  meters  in  boiler  tests.  I  take  the  liberty  of 
stating  as  follows,  so  that  you  may  have  the  matter  from  our  stand- 
point, because  I  think  an  injury  will  be  done  all  concerned  should  an 
erroneous  interpretation  be  placed  upon  such  criticism  as  made  by 
him. 

The  statement  made  by  Prof.  Breckenridge  that  he  has  tried  on 
several  occasions  to  justify  the  use  of  hot  water  meters  for  boiler 
testing  but  with  disappointing  results  is  probably  due  to  incomplete 
experience  and  possibly  to  the  use  of  hot  water  meters  under  unfa- 
vorable conditions,  particularly  such  conditions  as  are  beyond  their 
reasonable  mechanical  capabilities.  It  is  a  well  known  fact  that  ordi- 
nary wear  of  the  working  parts  and  cylinder  of  a  hot  water  pump  is 
many  times  greater  than  that  of  the  same  parts  in  a  cold  water  pump 
for  the  same  amount  of  discharge.  The  comparison  applies  equally 
to  hot  water  and  cold  water  meters.  The  necessity  for  metal  parts  in 
a  hot  water  meter  in  place  of  hard  rubber  in  a  cold  water  machine 
increases  their  weight  and  there  is  a  greater  libility  to  unsatisfactory 
operation,  by  reason  of  the  cutting  effect  of  minerals  which  are  pre- 
cipitated in  many  feed  waters,  and  from  other  foreign  substances 
passing  through  the  measuring  chamber  thereby  greatly  increasing 
the  wear. 

Never  will  satisfactory  results  be  obtained  from  a  hot  water  meter 
which  is  not  in  good  repair  and  accuracy  must  not  be  expected  from 
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the  machine  no  matter  how  perfect  it  may  be  when  large  amounts 
of  foreign  substances  are  passed  through  it  with  the  water.  While 
Kevstone  meters  are  provided  with  a  strainer,  at  the  inlet  port,  which 
prevents  the  introduction  of  such  large  particles  as  might  immedi- 
atelv  prevent  the  meter  from  operating,  yet  in  waters  where  there 
is  great  mineral  precipitation  the  accumulations  soon  become  mani- 
fest if  the  machine  is  kept  in  continuous  operation  without  being 
cleaned.  Metal  pipe  cuttings,  cotton  threads  from  pump  packing, 
slivers  from  piston  rings,  charcoal,  sand  and  gravel  from  settling 
tanks,  metal  from  walls  of  pipes  in  various  stages  of  decomposition 
and  deleterious  boiler  compounds  all  find  their  various  ways  to 
lodgement  in  the  hot  water  meter.  As  a  rule  the  plant  operator 
knows  little  or  nothing  of  the  solids  carried  in  the  feed  water  until 
he  becomes  the  owner  of  a  hot  water  meter.  When  its  working 
parts  refuse  to  move  he  concludes  that  the  meter  is  good  for  noth- 
ing and  condemns  it  to  the  scrap  heap.  Sometimes  he  is  wise  enough 
to  himself  look  for  the  cause  and  sometimes  he  has  the  courtesy  to 
notify  the  manufacturer  that  the  machine  is  not  giving  satisfaction. 
In  such  instances  he  generally  learns  something  about  the  correct  use 
of  hot  water  meters.  We  do  not  advocate  the  continuous  use  of  hot 
water  meters  on  boiler  feed  services,  but  recommend  their  use  only 
for  periodical  tests  that  the  quantity  of  water  evaporated  may  be 
checked' from  time  to  time.  Even  with  this  intermittent  use,  when 
cut  out  of  service,  the  meter  should  be  cleaned  and  examined  for 
abnormal  wear.  Calibrations  should  be  made  at  the  beginning  and 
closing  of  a  test  to  determine  the  correction  for  the  indicated  meter 
readings.  When  rightly  handled  the  hot  water  meter  is  an  invalua- 
ble agent  in  definitely  determining  boiler  efficiency  and  is  the  only 
satisfactory  means  of  recording  evaporation  in  boiler  tests.  Not- 
withstanding the  cost  of  maintenance,  intelligent  steam  users  find  it 
desirable  to  install  these  machines  because  they  are  a  determining 
factor  in  preventing  waste  and  reducing  fuel  consumption.  Should 
it  be  desirable  to  obtain  continuous  readings  and  expense  of  equip- 
ment is  a  minor  consideration,  a  battery  of  meters  can  be  installed 
and  used  in  rotation  so  that  periodical  investigations  and  repairs  may 
be  made  md  the  installation  may  be  kept  at  all  times  at  its  highest 
efficiency.  For  ordinary  plants  one  or  two  meters  intermittently  used 
will  serve  to  establish  accurate  evaporation  averages  or  determine 
the  relative  values  of  different  fuels  during  a  period  of  time  usually 
devoted  to  experiments  of  this  character.  To  obtain  accurate  results 
the  operator  must  have  a  perfect  knowledge  not  only  of  the  service 
conditions  but  also  of  their  effect  on  the  meter.  With  this  equip- 
ment the  proper  use  of  a  hot  water  meter  can  be  made  a  source  of 
definite  and  invaluable  information. 

'.  Edward  H.  Taylor,  (Chicago  Fuel  Engineering  Co.)  :     Re- 
garding the  discussion  following  the  presentation  of  Mr.  BementV 
paper  it  appeared  to  me  that  instead  of  the  results  actually  obtained 
from   the   steam   generator   being  discussed,   attention    was   largely 
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given  to  discussing  the  author's  methods  of  calculating  the  compari- 
son between  it  and  certain  tests  previously  made  on  other  apparatus. 

As  one  who  is  very  much  interested  in  this  subject  and  as  the 
representative  of  the  consumer,  I  should  think  that  those  who  are 
anxious  for  smoke  suppression  and  economical  combustion  would 
be  interested  in  knowing  definitely  whether  or  not  this  improved 
boiler  was  more  efficient  than  the  Standard  Vertical  Pass  settings, 
and  also  if  its  operation  resulted  in  making  less  smoke. 

These  features,  however,  the  critics  appeared  to  entirely  overlook, 
and  I  would  like  to  know  whether  or  not  the  claims  made  for  this 
improved  boiler  are  true.  On  the  face  of  the  matter  it  appears  to 
me  that  the  critics  were  satisfied  that  the  test  records  were  accurate, 
otherwise  they  would  have  discussed  the  subject  adversely. 

As  far  as  test  records  on  the  improved  boiler  are  concerned,  I  can 
vouch  for  their  accuracy  because  of  my  company's  participation  in 
the  work,  but  I  have  no  knowledge  of  those  made  on  the  Babcock 
&  Wilcox  boilers. 

Regarding  the  question  of  smoke,  I,  personally,  am  fairly  well 
satisfied  that  the  improved  boiler  setting  is  superior  to  the  regular 
Babcock  &  Wilson  setting,  but  I  would  like  to  know  whether  it  pre- 
vents smoke  at  the  expense  of  efficiency  and  capacity. 

Mr.  Geo.  W.  Nistle,  (North  Muskegon.  Mich.)  :  In  general  my 
practice  during  the  last  decade  agrees  with  that  of  Mr.  Bement  in 
the  design  of  setting  of  boiler  No.  10.  I  have  used  a  number  of 
settings  of  water  tube  boilers  of  the  standard  B.  &  W.  type  and 
have  not  been  satisfied  with  them.  One  feature  which  I  have  found 
to  be  particularly  undesirable  is  found  in  most  water  tube  settings 
and  in  the  boiler  No.  10  also.  I  refer  to  the  vertical  baffles.  These  I 
have  found  to  be  very  difficult  to  keep  in  repair  and  in  several  in- 
stances I  have  found  them  in  operation  with  big  holes  in  them,  short 
circuiting  the  gases.  Repetition  of  such  discoveries  after  I  have 
turned  plants  over  to  their  owners  has  driven  me  to  the  use  of  the 
horizontal  baffle,  using  the  top  and  bottom  rows  of  tubes  for  support. 

The  great  excess  of  heat  usefully  employed  in  making  steam  by 
the  Xo.  10  boiler  over  that  similarly  employed  by  the  Fisk  Street 
boilers,  is  ;uch  as  to  suggest  the  que-  ly?     It  might  be 

boiler  No.  10  had  greater  absorbing  capacity.  On  the  other  hand  it 
might  be  that  the  combustion  was  more  complete.  I  am  inclined 
to  the  bitter  view  for  the  following  reasons: 

a.  The  boilers  are  almost  identical  in  construction. 

b.  The  hot  gases  are  applied  in  the  same  manner ;  there  being 
only  a  difference  in  the  direction  of  the  flow,  each  setting  having 
just  the  reverse  of  the  other. 

c.  The  difference  between  the  ratios  of  steam  and  Hue  gas  temper- 
atures is  very  slight,  1.5  for  the  Fisk  Street  boilers  and  1.489  for 
No.  10. 

It  is  to  be  regretted  that  the  setting  of  No.  10  was  leaky,  as  this 
impairs  our  view  of  the  relative  perfection  of  combustion  in  the  two 
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cases.  Assuming  that  the  better  performance  of  No.  10  was  due 
mostly  to  better  combustion,  (some  of  it  might  be  due  to  the  reversed 
flow  of  gases),  the  fact  that  both  fires  are  covered,  over  most  of  the 
grate  surface,  by  ignitjon  arches,  and  that  No.  10  had,  in  addition  a 
tile  roof  over  most  of  the  space  to  the  rear  end  of  the  setting;  would 
not  the  better  combustion  indicate  that  combustion  is  not  completed 
in  the  fire  box?  (as  is  claimed  by  some  well  known  boiler  and  fur- 
nace men.) 

That  the  tile  roof  furnishes  a  means  for  completing  combustion 
only  partly  finished  in  the  fire  box,  is  shown  by  an  inspection  of  such 
a  roof  in  action. 

The  requisites  for  the  best  combustion  appear  to  the  writer  to  be : 

i.  A  proper  amount  of  fuel; 

2.  A  proper  amount  of  air; 

3.  A  properly  high  and  properly  maintained  temperature ; 

4.  A  proper  amount  of  space ; 

5.  A  proper  length  of  time  spent  by  the  gases  in  the  proper  space 
at  the  proper  temperature. 

Mr.  Fred  C.  Boegershauscn,  (Chicago,  Parker  Boiler  Co.)  :  I 
wa>  very  much  interested  in  Mr.  Bement's  paper  and  I  am  glad  to 
contribute  some  discussion.  I  therefore  send  you  herewith  a  tracing 
showing  a  boiler,  Fig.  13,  built  for  the  Globe  Company  of  this  city 
which  is  equipped  with  tile  roof  furnace ;  the  method  of  firing  is  by 
hand  and  as  far  as  smokeless  combustion  is  concerned,  it  is  very 
successful. 

The  question,  "Is  a  tile  roof  furnace  an  absolute  necessity  in  the 
way  of  preventing  smoke."  has  repeatedly  been  made  to  the  writer 
recently  by  progressive  purchasers  and  others  interested  in  the  abate- 
ment of  smoke.  I  feel  safe  in  replying  that  the  tile  roof  is  certainly 
contributory  toward  smokeless  combustion.  In  this  connection  I 
might  say  that  we  recently  ran  a  test  at  the  plant  of  the  John  Gund 
Brewing  Company,  La  Crosse,  Wis.,  on  a  306  H.  P.  boiler  of  our 
make,  equipped  with  a  traveling  grate  stoker.  The  boiler  was  not 
equipped  with  a  tile  roof  furnace,  simply  having  our  standard  baffle 
tiles  over  the  lower  row  of  tubes.  The  chain  grate  stoker,  however, 
has  a  five  foot  arch  which  is  as  usual  built  out  in  front  of  the  boiler. 

The  fact  of  course  must  be  considered  that  we  baffle  our  boilers 
horizontally,  this  method  exposing  only  a  part  of  the  lower  row 
of  tubes  to  the  gases  as  they  leave  the  furnace.  In  this  test  we  de- 
veloped 149%  of  the  boiler's  rating  continuously  for  eight  hours 
and  the  stack  was  absolutely  smokeless.  The  efficiency  in  this  test 
was  extremely  high  even  at  this  overloaded  capacity  and  it  is  a  ques- 
tion in  the  writer's  mind  whether  or  not  a  higher  efficiency  could  be 
obtained  by  enclosing  the  bottom  row  of  tubes  in  baffle  circle  tile. 
However,  we  are  going  to  equip  this  boiler  with  a  tile  roof  furnace 
for  experimental  purposes  and  shall  be  glad  to  report  our  findings 
at  a  later  date. 
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In  conclusion  I  might  state  that  i  do  not  think  it  would  be  possi- 
ble to  run  the  boiler  at  the  Globe  plant,  which  is  hand-fired,  without 
the  use  of  the  tile  roof  furnace  and  keep  within  the  smoke  ordinance 
of  this  city.     It  is  unquestionably  a  success  in  that  instance. 

Mr.  McDonald:  Mr.  Bement  presents  certain  tests  and  deduc- 
tions from  the  Fisk  Street  Station.  I  would  ask  him  to  remember 
the  conclusion  that  the  boiler  represented  by  Fig.  i  will  give  better 
results  than  Fig.  5,  and  some  of  the  speakers  have  intimated  whv 
that  is  so.  In  studying  the  furnace  construction  and  grate  construc- 
tion of  those  two  boilers  they  are  identical  in  each  case,  and  there- 
fore I  am  driven  to  the  conclusion  that  it  is  in  the  radiation  in  the 


Fig.   13.   Parker  boiler  with  tile  furnace  roof  at  laundry  of  Globe  Company, 

Chicago. 

boiler  itself  that  this  high  efficiency  or  difference  in  efficiency  is  ob- 
tained. 

In  studying  the  question  of  furnace  construction,  the  furnace  effi- 
ciency in  this  case  is  assumed  to  be  the  same  as  far  as  the  design  of 
the  boiler  is  concerned,  and  the  other  part  of  the  boiler  where  the 
efficiency  may  come  in  is  the  arrangement  of  the  baffling  and  water 
circulation. 

In  experiments  on  the  transmission  of  heat  in  tubes  it  is  generally 
acknowledged  that  the  best  theory  which  agrees  with  the  best  prac- 
tice is  that  the  hottest  water  should  meet  the  hottest  gases,  and  in  a 
standard  B.  &  W.  setting  as  shown  by  Fig.  2  you  will  notice  that 
this  arrangement  is  obtained,  and  also  in  the  design,  Fie;".  5. 

But  with  boiler  No.  10  which  we  are  asked  to  consider  as  an  im- 
proved boiler,  I  would  like  to  have  Mr.  Bement  state  whether  he 
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considers  that  it  embraces  a  feature  of  importance  in  boiler  design, 
and  whether  it  would  affect  the  efficiency  of  the  boiler  in  any  wa>. 

Mr.  Chas.  S.  Reed,  (Chicago  Retort  &  Fire  Brick  Co.)  :  It  seems 
to  be  the  consensus  of  opinion  that  a  higher  efficiency  is  obtainable 
from  a  boiler  equipped  with  the  oven  type  of  furnace ;  whether  that 
oven  is  formed  by  a  sprung  arch,  or  roof  of  encircling  tile  sus- 
pended from  the  bottom  row  of  boiler  tubes. 

As  manufacturers  of  these  tile,  the  question  arises  as  to  how  thick 
below  the  tubes  they  should  be  made, — it  has  therefore  been  a  mat- 
ter of  speculation  as  to  the  maximum  weight  that  tubes  under  work- 
ing pressure  should  be  compelled  to  support.  From  the  side  of  the 
manufacturer,  the  more  body  there  is  in  the  tile,  the  longer  would 
be  their  life  :  from  the  engineers'  side,  the  more  body  to  the  tile,  the 
higher  the  possible  furnace  temperature,  consequently  higher  effi- 
ciency of  the  boiler. 

As  the  application  of  these  tile  is  of  a  comparatively  recent  date, 
and  the  demand  for  them  surprisingly  increasing,  we  feel  a  stan- 
dard should  be  established.  We  have  made  various  designs  in  ac- 
cordance with  the  ideas  of  different  engineers,  but  no  standard  has 
been  worked  out,  showing  from  the  engineer's  standpoint,  how  much 
fire  clay  body,  or  in  other  words,  dead  weight,  can  safely  be  sus- 
pended from  tubes  under  steam  pressure,  in  order  that  this  higher 
efficiency  may  be  obtained,  and  this  is  something  which  should  be 
ascertained. 

Mr.  C.  H.  McCIurc,  m.w.s.e.  (by  letter)  :  In  his  discussion  Prof. 
Breckenridge  has  compiled  a  heat  balance  for  Test  No.  2  in  which 
the  heat  accounted  for  is  in  excess  of  100%,  even  with  radiation 
excluded.  This  he  appears  to  offer  as  evidence  that  the  tests  re- 
ported were  not  correct.  Inasmuch  as  I  made  the  calculation  for 
loss  in  hot  gases,  an  explanation  from  me  is  in  order.  Therefore,  I 
have  made  the  following  tabulation  which  shows  a  difference  in  the 
item  of  loss  in  the  dry  gas,  due  probably  to  an  error  in  his  method  of 
reasoning: 

Heat  Balance  for  Test  No.  2 

As  presented  by 
Prof.  Beckenridge         As  it  should  have 
in  his  discussion  been  presented 

Absorbed  by  boiler 60.26  60.26 

Stack  loss  in  dry  gases 18.32  "]  14.31 

Loss  due  to  moisture 3.08  3.08 

Loss  due  to  burning  available  hydro-  |  24-5° 

gen     3.10   J  3.10 

Ash  pit  loss 16.26  16.26 

Radiation    and    unaccounted    for    by 

difference    3.37 

100.64  100.00 


-  20.49 
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Even  if  the  radiation  loss  should  be  as  much  as  3%  there  would 
still  be  a  small  percentage  remaining.  But  so  far,  there  has  been  no 
experimental  determination  of  loss  due  to  radiation  which  is  not 
based  largely  upon  assumption.  I  suppose  Professor  Breckenridge 
derives  his  estimate  of  the  radiation  from  the  work  reported  in  Bul- 
letin No.  325  of  the  U.  S.  Geological  Survey.  "A  Study  of  Four 
Hundred  Steaming  Tests,"  pages  143-4  and  5.  To  quote  from  this 
paper,  "The  method  used  was  very  crude  and  was  based  on  the  fol- 
lowing reasoning,"  and  further  on  we  find  the  reasoning  to  consist 
of  certain  deductions  derived  from  some  experimental  data  upon  the 
radiation  of  the  boiler  drum,  front  and  rear  water-legs  and  a  guess 
at  the  radiation  of  the  brick  setting  and  the  fire  doors ! 

With  the  idea  of  throwing  some  further  light  upon  this  matter,  I 
would  call  attention  to  certain  points  in  the  results  presented  by 
Professor  Breckenridge. 

He  says  in  his  discussion  of  the  heat  balance,  "  It  is  remarkable 
that  the  results,  when  correctly  computed  show  no  radiation  and 
unaccounted  for  balance."  If  it  were  a  fact  that  the  heat  balance 
showed  no  radiation  and  unaccounted  for  when  correctly  computed, 
it  would  indeed  be  remarkable — it  would  be  more  than  remarkable, 
it  would  be  absurd ;  and  the  results  presented  by  Mr.  Bement  could 
not  be  accepted  as  reliable.  As  a  matter  of  fact,  the  heat  balance 
offered  by  Professor  Breckenridge  is  not  correctly  computed.  The 
error  evidently  arises  from  a  misconception  of  the  formulae  given 
in  the  A.  S.  M.  E.  Code.  In  the  Appendix  XXXII  of  the  code,  the 
various  formulae  for  obtaining  the  loss  in  dry  gases  are  discussed, 
and  comparison  is  made  with  results  obtained  by  computation  from 
the  ultimate  analysis  of  the  coal.  It  is  noticeable  in  this  computation 
that  all  of  the  carbon  in  the  coal  produces  gas  with  oxygen  from  the 
air.  the  resulting  products  being  C02  and  CO.  In  other  words  there 
is  no  provision  for  ash  pit  loss.  The  carbon  burned  per  pound  of 
"combustible"  is  the  only  correct  figure  to  use,  and,  only  in  case  of 
complete  volitilization  of  the  carbon,  is  it  admissible  to  use  the  total 
carbon  per  pound  of  "combustible"  as  given  in  the  ultimate  analysis. 
Now,  supposing  that  there  had  been  an  ash  pit  loss  in  the  example 
given,  then,  it  is  evident,  there  would  have  been  less  gas  formed  and 
less  air  required,  and  the  total  weight  of  gases  would  have  been  less. 

In  the  Cedar  Rapids  Test  2,  to  which  Professor  Breckenridge 
refers,  there  was  54.24%  of  "carbon"  in  the  refuse.  This  means 
that,  of  the  0.5454  pounds  of  carbon  fed  to  the  furnace  in  each  pound 
of  coal,  Q.i  1 59  pounds  of  "carbon"  was  lost  in  the  refuse,  leaving 
for  gas  making  purposes  0.4295  lb.  of  "carbon"  instead  of  0.5454 
lb.  Xow.  let  us  apply  the  formulae  of  the  code,  using  the  correct 
value  for  "carbon."  In  order  to  do  this,  it  is  first  necessary  to  get 
this  new  value  0.4295  in  terms  of  "carbon"  (burned)  per  lb.  of 
"combustible." 
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04295 
=0.5895    lb.    "carbon      per    lb.   of    "combustible" 

1.0000 — 0.2715 

which  produced  gas  and  used  air  in  so  doing. 

C02  02  N 

(nx7.6)-r-(8xi2.29)  +  (7x8o.ii)     0.5895 

3  (7.6+0.0)  100 

19.20  lbs.  dry  gas  per  lb.  of  "combustible." 
i9.2ox440.5x.24=2030.25  B.  t.  u.  loss. 
2030.25 

X 100=  14.31%  loss  in  dry  gases. 

14182 

If  instead  of  carbon  actually  burned  per  pound  of  "combustible" 
the  total  carbon  per  pound  of  "combustible"  as  shown  by  the  analy- 
sis is  used,  the  loss  in  dry  gases  is  18.17%.  I  have  endeavored  to 
obtain  the  figure  18.32%  as  given  by  Professor  Breckenridge,  but 
even  when  assuming  a  complete  absorption  figure,  (C02+02),  of 
21.0%  for  the  gas  analysis,  which  is  impossible,  and  74.86%  carbon 
for  the  "carbon"  per  pound  of  "combustible"  the  result  is  but  18.20%. 
However,  this  slight  difference  is  probably  due  to  the  use  of  a  some- 
what higher  specific  heat  in  the  Professor's  computation  than  is 
authorized  by  the  code. 

The  loss  of  much  combustible  material  in  the  ash  pit  leads  to  con-' 
siderable  error  in  results  obtained  by  the  code  formula  when  it  is 
assumed  as  above,  that  all  of  the  carbon  of  the  coal  is  employed  to 
produce  gas. 

The  loss  of  20.49%  m  trie  above  corrected  heat  balance  is  approx- 
imately accurate,  but  since  the  presentation  of,  Mr.  Bement's  paper, 
an  ultimate  analysis  has  been  made  of  the  pure  coal  in  the  refuse 
of  Test  No.  2,  and  with  this  more  complete  data,  the  loss  is  found 
to  be  20.91  instead  of  2049%,  which  is  a  very  good  check.  The 
details  of  these  later  calculations  follow : 

DETAILS  OF  COMPUTATION'  OF  LOSS  IN  HOT  GASES,  CEDAR  RAPIDS 

TEST  NO.   2. 

ANALYSES   OF   COAL   AND  REFUSE 

Coal  Refuse 

Moisture 14.61                    

£sh     12.54  4576 

Carbon     54-54  48.33 

Hydrogen,   available    2.85  0.66 

Sulphur    3.54  2.61 

Nitrogen    0.90  0.67 

Water  of  Composition    1 1.02  1.97 

Total     100.00  100.00 

B.t.u.   (By  Mahler  Calorimeter ) 10332  7522 
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DATA   FROM   TEST  RECORDS. 

Coal  fed  per  hour   . .  3220.0 

Refuse  per  hour  687.7      lbs. 

Refuse  per  pound  of  c:al  0.214  lbs. 

Boiler  room  temperature    85.o°F 

Flue  gas  temperature  -_- 

FUEL    BALANCE 

Pounds  per  Pound  of  Coal 
Fed  To  Refu-e  To  Gas 

r.  Moisture    .0.1461  0.000  0.1461 

Ash     o.:-  0.1234  0.0000 

3.  Carbon    o.f-:  0.1034  0.4420 

4  Hydrogen,    Available    0.0014  0.0271 

5.  Sulphur    0.0354  o.c ■  -  xoagS 

gen   0.0090  0.0014 

7.  Water  of  Composition 0.1102  0.0042  0.1060 

Total    1000  0.2414  0.7586 

8.  B.t.u 10332  1610 

1.  Moisture:  All  hygroscopic  moisture  fed  to  the  furnace  is 
evaporated  and  forms  part  of  the  flue  gas. 

2.  Ash :  The  quantity  of  ash  fed  is  the  total  ash  of  the  coal.  A 
certain  portion  of  this  is  lost  in  the  combustion  chamber  and  in  the 
slag  on  the  bridge-wall  and  sides  of  the  furnace.     The  ar 

ash  which  is  lost  in  this  way  may  be  obtained  by  subtracting  from 
the  total  ash  fed,  the  ash  found  in  the  vhich  is  weighed  out 

from  the  ash  pit.     In  this  instance,  it  amounts  to  the  difference  be- 
254  (lbs.  of  ash  per  lb.  of  coal)  and  0.0079  (lbs.  of  ash 
per  lb.  c :  rh  is  equal  to  0.0275  lbs.  ash. 

3.  Carbon.     4.     Hydrogen.     5.     Sulphur.     6.     Nitrogen  and  7, 
Water  of  C :  n  were  determined  in  the  coal  and  refus-r 
analysis.     The  quantities  of  these  constituents  found  in  the  re: 
are  deducted  from  the  respective  weights  of  carbon,  hydrogen,  etc., 
in  the  coal  to  obtain  the  quantities  for  the  calculation  of  the  flue  gas 
composition. 

8.  The  Heat  Value  of  both  coal  and  refuse  were  determined  by 
the   Mahler   calorimeter.     The   difference   rep-  the  heat   de- 

livered by  the  furnace. 

LOSS  DUE  TO  HEAT  CARRIED  THE  HOT  FL 

Composition  of  the  Flue  Gas. 

To  calculate  the  composition  of  the  flue  gas,  the  weight  c  I 

ituents  of  the  coal  which  are  given  in  the  third  column 
Fuel  Balance  under  the  caption  "To  Gas."  are  taken  i 

Carbon  Dioxide. 
Carbon  per  pound  of  coal  >  lbs.  of  carbon  dioxide.  0.1,120 

-  3=1.6206  lbs.  CO,. 

Caron  per  pound  of  coal   <  22  gen  required  for 

combustion.    0.4420x2  2  3=1.1786  lbs.  O,. 
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Sulphur  Dioxide. 

Sulphur  per  pound  of  coal  X  2=lbs.  of  sulphur  dioxide.  0.0298x2 
=0.0596  lb.  S02. 

Sulphur  per  pound  of  coal  X  i=lbs.  of  oxygen  required  for 
combustion.    0.0298 X  1=0.0298  lb.  02. 

Water. 

1.  From  Available  Hydrogen. 

Hydrogen  per  pound  of  coal  X  9=lbs.  of  water.  0.0271X9= 
0.2439  lbs.  H,0. 

Hydrogen  per  pound  of  coal  X  8=lbs.  of  oxygen  required  for 
combustion.     0.0271X8=0.2168  lb.  O,. 

2.  From  Water  of  Composition. 

Water  of  composition  per  pound  of  coal=o.io6o  lb. 

3.  From  Hygroscopic  Moisture. 
Moisture  per  pound  of  coal=o.i46i  lbs. 

Total  Water  in  Flue  Gas. 

1.  From  burning  of  available  hydrogen    0.2439  lb. 

2.  From  water  of  composition   0.1060  lb. 

3.  From  hygroscopic  moisture  of.  coal   0.1461  lb. 

Total 0.4960  lb. 

Nitrogen. 

1.  From  Nitrogen  in  coal 0.0076  lbs. 

2.  From  Air  required  for  combustion.  . .  . 

Burning  Carbon  to  C02 1.1786  lbs.  oxygen 

Burning  Sulphur  to  S02 0.0298  lbs. 

Burning  Hydrogen  to  H20 0.2168  lbs. 

Total    1.4252  lbs.  oxygen 

The  proportion  of  Nitrogen  to  Oxygen  in  air,  by  weight,  is  yj  to 

23- 

77 
Hence, — X  1.4252=4.7713  lbs.      Nitrogen    from    air    required    for 

23 
combustion. 

Total  Nitrogen  4.7713-4-0.0076=4.7789  lbs.  N 
The  composition  of  the  flue  gas  without  excess  air  is  then  as 
follows : — 

Carrx»n  Dioxide   1.6206  lbs. 

Sulphur  Dioxide 0.0596  lbs. 

Water   0.4960  lbs. 

Nitrogen    4-7789  lbs. 

Total    6-9551  lbs. 

The  above  gives  the  composition  of  gas  without  excess  air.     It  is 
then  necessary  to  determine  the  per  cent  of  CO,  by  volume  in  the  dry 
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gas  containing  the  above  quantities  of  C02,  SO,  and  Nitrogen  and 
from  this  figure  derive  the  excess  air  for  a  flue  gas  of  the  7.6% 
CO,  composition  as  reported.  As  these  gases  follow  the  gas  law 
ordinary  temperatures,  the  respective  volumes  per  cubic  foot  at 
32  leg.  F.  may  be  utilized  in  computing  the  percentage  composition 
by  volume. 

Wt.  per 
Wt.  Lbs.     Cu.  Feet     Cu  Feet    Percent 

Carbon   Dioxide    1. 6206-i-. 12268=13.210     17.72 

Sulphur   Dioxide    0.0596-^.17862=  0.333       °44 

Nitrogen    4.7789-^.07832=61.018     81.84 


74.561    IOO.OO 
Since  the  C02  in  the  flue  gas  as  determined  by  the  Orsat  appar- 
atus is  the  sum  of  CO,-f  SO,  in  the  dry  gas,  the  dry  gas  composi- 
tion by  volume  without  excess  air  should  be  expressed  as  follows : 

co,  (co,+sa.)  18.16% 

X    81.84% 


100.00 
There  are  two  values  for  each,  the  CO,  and  Nitrogen ;  one  value 
in  per  cent  of  dry  gas  and  the  other  in  weight  of  each  gas.     The 
values  18.16%  and  7.60%  are  both  equivalent  to  the  same  weight  of 
CO,    (C02-J-S02)  ;   and   similarly   the    nitrogen   which    necessarily 
accompanies  the  C02  is  represented  by  8i.84%and  X%,  both  equiv- 
alent to  the  same  amount  by  weight  of  nitrogen. 
Hence,  18.16:  81.84=7.6 :X,  0^=34.25%. 
Then  the  composition  of  the  flue   gas  containing  7.6%   C02  is, 

CO,   (C02+S02) 7.60% 

Nitrogen    .' 34.2  5 

Air    .. 58.15 


100.00 

The  excess  air  is,  therefore,  58.15%   by  volume,  of  the  dry  flue 
gas ;  and  of  the  excess  air  79%  is  Nitrogen  and  21%  Oxygen. 

79%  of  58.15=45.94  Nitrogen  in  excess  air. 

21%  of  58.15=12.21  Oxygen  in  excess  air. 

The  composition  of  the  dry  gas  is  then  as  follows : 
CO,   (C02+S02) 7.60 

O,     12.21 

N" 80.19 

IOO.OO 

The  weight  of 'CO,    CCO,+S02)    in  the  flue  gas  is   1.6802  lb.; 
Nitrogen  is  4.7789. 

Hence.  7.6%  C02  is  equivaelnt  to  1.6802  lbs. 
And,  34.25%  N  is  equivalent  to  4.7780  lbs. 
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The  weight  of  Nitrogen  from  excess  air  bears  the  same  ratio  to 
45-94%  as  does  4.7789  lbs.  to  34.25%. 

Therefore,  45.94  :x=34.25  4.7789  or  x=6.4097  lbs.  Nitrogen 
from  excess  air. 

The  oxygen  from  the  air  is  found  from  the  weight  of-  nitrogen, 

23 
thus,  — x6.4097=i.9i46  lbs. 

77 
The  composition  of  flue  gas  with  7.6%  C02  is  then  as. follows: 

C02    , 1.6206  lbs. 

SOl    0.0596  lbs. 

H,6    0.4960  lbs. 

N    1 1. 1886  lbs. 

O    1. 9 1 46  lbs. 


Total    15-2794  lbs. 

Loss  of  Heat  in  the  Hot  Gases. 

Wt.inlbs.   Spec  Heat  Rise  °F  B.t.u 

CO,    1.6206x0.2169x440.5=    154.8 

S02  0.0596x0.1544x440.5=       4.0 

H20 0.4960  — see  below —  =     616.6 

N    11.1886x0.2438x440.5  =  1210.6 

O  .1.9146x0.2175x440.5—    183.4 


Total 2160.4 

Loss  Due  to  the  Moisture  in  the  Flue  Gas. 
Raising  0.4960  lb.  H,0  from  85  deg.   F  to  212 

deg.  F  0.4960  x  127   =    62.99  B.  t.  u. 

Evaporating  0.4960  lb.  H,0    from  and  at  212  deg. 

F  0.4960  x  965.7 =  478.99  B.  t.  u. 

Superheating  0.4960  lb.   Ff20   from  212  deg.  to 

525.50  deg.  F  0.4960  x  313.5  x  0.48 =    74.63* B.  t.  u. 


Total    616.61  B.  t.  u. 

Total  Percent  Loss  on  Basis  of  Heat  Supplied. 
2160.4 — 616.6 

Loss  due  to  Dry  Gas  — x  100  =  14.94% 

8722 
616.6 

Loss  due  to  Moisture x  100  =  5-97% 

10332 


Total 20.91  % 

If  this  loss  be  calculated  to  "Per  cent  corrected  for  Ash  Pit  Loss" 
as  given  in  the  second  column  of  Professor  Breckenridge's  com- 
partive  table  of  heat  balances,  the  total  loss  is  24.76%  instead  of 
29.26  as  given  in  that  table. 
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It  is  often  desirable  to  obtain  a  value  for  oxygen  and  nitrogen  in 
dry  flue  gas  when  the  only  constituent  reported  is  O  fSOz). 

A  chart,  Fig.  14,  if  drawn  on  squared  paper  with  appropriate  dimen- 
sions, may  be  used  to  obtain  the  precentage  of  nitrogen,  and,  under 
such  conditions  of  combustion  as  produce  neither  CO  nor  hydro- 
carbons the  percentage  of  oxygen  may  be  derived  by  difference.     In 
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Fig.   14.    Diagram  showing  relative  proportions  in  gases  from  complete 

combustion. 

Cedar  Rapids  Test  No.  2,  for  example,  only  the  CO.,  is  reported. 
From  the  chart  the  percentage  of  nitrogen  corresponding  to  7.6% 
CO,  is  found  to  be  80.03%.  The  difference  between  the  sum  of  the 
percentage  of  CO,  and  nitrogen  and  100.00%  gives  the  percentage  of 
Oxygen.  The  accurary  of  this  method  is  shown  by  the  following 
comparative  table : 

From  Chart.   Computed. 

CO,  (C02+SO,)  7.60  7.60 

Oxygen 12-37         12.21 

Nitrogen   80.03         80.19 


100.00 


100.00 
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The  degree  of  accuracy  of  the  results  obtained  from  the  chart 
depends  upon  the  completeness  of  combustion.  This  particular  chart 
would  not  be  applicable  to  tests  of  coals  differing  greatly  in  compo- 
sition from  that  upon  which  it  is  based,  but  data  for  similar  charts 
may  be  easily  computed  from  the  analysis  of  the  various  kinds  of  coal. 
As  the  total  carbon  content  of  the  coal  increases  the  sum  of  C02 
and  O  tends  to  approach  the  limit  21%,  so  that,  for  7.6%  COz  on  a 
test  of  anthracite  coal  the  oxygen  would  be  somewhat  greater  than 
12.37%  and  the  nitrogen  be  proportionally  decreased. 

CLOSURE. 

Mr.  A.  Bement:  This  investigation  is  unique  in  having  had  so 
many  diversified  interests  engaged  in  the  production  of  the  data,  and 
additional  value  attaches  in  that  the  paper  has  had  the  attention  of 
critics  who  were  in  possession  of  all  of  the  information  used  by  the 
author,  which  is  especially  important,  for  the  reason  that  if  there  had 
been  error  it  could  easily  have  been  shown. 

In  arriving  at  a  comparative  efficiency  for  the  two  boilers,  the 
heat  balance,  Table  No.  7  shows  the  actual  performance  as  given  in 
Table  No.  3.  There  were  two  unknown  losses  which  must  be  ascer- 
tained before  any  conclusion  could  be  arrived  at.  One  is  radiation 
the  other  incomplete  combustion.  It  is  manifestly  impossible  to  get 
them  from  the  Fisk  Street  data  because  of  inability  to  separate  the 
two  losses,  but  from  the  data  applying  to  improved  boiler  No.  10, 
it  appears  that  radiation  as  obtained  by  difference,  is  2.26  per  cent., 
therefore  this  amount  may  be  employed  to  represent  radiation  for  the 
Fisk  Street  boiler  also,  which  then  leaves  by  difference,  an  unac- 
counted for  loss  of  9.30  per  cent  for  the  Fisk  Street  boiler. 

Thus  having  determined  these  two  unknwon  factors,  it  is  now  pos- 
sible to  construct  a  comparative  heat  balance,  using  them  with  the 

TABLE  No.  7. 

HEAT   BALANCE. 

BASED   ON    ACTUAL   PERFORMANCE. 

Fisk  St. 

Improved  Boiler  Boiler 

Average  of  Average 

4  tests  of  18  tests 

Usefully  employed  in  making  steam 64.25  62.27 

Loss  in  moist  gases,  due  to 

Moisture  in  coal 1.68  1.39 

Burning   available   hydrogen 3.15  3.16 

Water    of    combination ,    1.29  1.36 

Loss  in  dry  gases 1703  1746 

Loss  by  undeveloped  heat  in  refuse 9.84  2.41 

Loss  by  radiation    (by  difference) 2.26  2.26 

Loss  by  sensible  heat  in  refuse O.33  0.21 

Loss  due  to  moisture  in  air 0.17  0.18 

Unaccounted    for 0.00  9.30 

Total     100.00  100.00 
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other  calculated  losses,  by  which  efficiency  is  obtained  by  difference 
as  shown  by  Table  8.  This  is  the  form  of  heat  balance  to  which 
Prof.  Breckenridge  objects,  but  fails  to  give  his  reason  for  so  doing. 
It  is  necessary,  however,  to  base  comparison  on  a  condition  in  which 
the  CO,  and  ash  pit  loss  is  equal  for  each  boiler,  and  this  is  done  by 
determining  the  loss  in  hot  gases  with  a  zero  ash  pit  loss,  or  in  other 
words,  for  a  condition  in  which  all  of  the  coal  participates  in  the 
combustion  process.     Therefore,  when  all  of  the  losses  are  deter- 

TABLE  No.  8. 

COMPARATIVE   HEAT   BALANCE. 

With  8.99  per   cent   CO;  for  both  boilers  on  basis  of  all  the   coal   being 
burned  for  each  with  no  ash  pit  loss. 

Improved  Fisk  Street 

boiler  based  boiler 

on  results  based  on 

of  results  of 

4  tests  18  tests 

Usefully  employed  in  making  steam  (by  difference) 747 1  64.27 

Loss  in  moist  gases,  due  to 

Moisture   in   coal 1.68  1.39 

Burning   available    hydrogen 3.24  3.22 

Water   of    combination 1.31  1.37 

Loss  in  dry  gases 16.48  17.86 

Loss  by  radiation  (as  a  constant) 2.26  2.26 

Loss  by  sensible  heat  in  ash 0.15  0.15 

Loss  due  to  moisture  in  air 0.17  0.18 

Loss  by  incomplete  combustion 0.00  9.30 

Total     • 100.00       100.00 

TABLE  No.  9- 

COMPARATIVE    HEAT    BALANCE    WITH     16.5    PER   CENT   CO;. 

On  Basis  of  both  Boilers  using  Illinois  Midland  Coal  with  a  Common  Flue 
Temperature  of  525.5  deg.  F.  and  considering  all  of  the  Coal  as  being  Burned. 

Improved       Fisk  St. 
boiler  boiler 

Usefully  employed  in  making  steam   (by  difference) 82.56  64.36 

Loss  in  moist  gases,  due  to 

Moisture  in   coal 1.76  1.76 

Burning   available   hydrogen 3.09  3.09 

Water  of  combination  1.32  1.32 

Loss  in  dry  gases 8.77  8.77 

Loss  by  radiation   (as  a  constant) 2.26  2.26 

Loss  by  sensible  heat  in  ash 0.16  0.16 

Loss  due  to  moisture  in  the  air 0.08  0.08 

Loss  by  incomplete  combustion 0.00  18.20 

Total    100.00  100.00 

mined  by  this  process,  it  necessarily  follows  that  what  heat  is  not  lost 
is  employed  in  making  steam.  This  efficiency  by  difference  appears 
as  74.71  for  the  improved  boiler  and  64.27  for  the  other.  From 
observation  it  has  been  noted,  however,  that  incomplete  combustion 
increases  with  C02,  so  that  gain  from  high  CO-,  is  nullified  by  escap- 
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ing  hydrocarbons,*  with  the  result  that  on  this  basis  the  total  chimney 
loss  is  constant.  This  is  logical,  of  course,  as  it  is  well  known  that 
incomplete  combustion  increases  with  reduced  air  supply  unless  there 
is  an  adequate  combustion  chamber.  Thus  in  Table  8  the  sum  of 
these  two  losses  is  33.14,  and  as  shown  in  Table  9,  the  loss  in  hot 

TABLE  No.   10. 

IMPROVED  BOILER. 
HEAT    BALANCE. 

Based  on  the  use  01  Eastern  and  Western  Coal,  with  Flue  Temperature  of 
525.5     F.  and  16.5  per  cent  CO* 

Clearfield 
Illinois  Midland  Semi-bitum- 
Bituminous  coal      inous  coal 

Usefully  employed  in  making  steam   (by  difference) 82.56  84.56 

Loss  in  moist  gases,  due  to 

Moisture   in  coal 176  0.04 

Burning    available   hydrogen 309  3-49 

Water  of  combination 1.32  0.45 

Loss  in  dry  gases 8.77  9.04 

Loss  by  radiation   (as  a  constant) 2.26  2.26 

Loss  by  sensible  heat  in  ash. 0.16  0.07 

Loss  due  to  moisture  in  the  air 0.08  '  0.09 

Total 100.00  100.00 

gases  is  14.94.  Thus  33.14 — 14.94=18.20  as  the  incomplete  combus- 
tion loss  for  16.5  per  cent.  C02.  With  9.52  per  cent.  C02,  the  figure 
originally  given,  the  heat  expended  in  raising  the  temperature  of  the 
chimney  gases  is  22.43  Per  cent.,  and  33.14 — 22.43=10.71  per  cent. 
loss  in  incomplete  combustion  instead  of  10.24  as  in  table  No.  1. 

This  matter  of  incomplete  combustion  loss  on  the.  basis  of  the 
actual  heat  balance,  Tabic  7,  is  illustrated  by  the  diagram,  Fig.  15 

Table  9  is  a  comparison  on  the  basis  of  a  minimum  flue  temper- 
ature, as  obtained  in  Test  No.  2  of  the  improved  boiler,  and  16.5  per 
cent.  C02,  which  serves  to  show  the  relative  performance  under  best 
possible  conditions.  Table  10  is  a  comparison  on  a  similar  basis  be- 
tween Eastern!  and  Western  coal  with  the  improved  boiler. 

It  has  been  urged  that  a  comparison  between  the  horsepower 
capacity  of  the  two  boilers,  on  the  basis  of  draft  pressure  at  the  fire, 
is  incorrect,  and  that  it  should  have  been  made  with  draft  at  the 
damper.  The  reason  given  in  support  of  this  objection  was,  that 
draft  at  the  fire  is  influenced  by  the  varying  resistance  of  the  fuel 
bed  due  to  difference  in  size  of  coal,  etc.,  but  the  same  argument 
applies  to  draft  at  the  damper,  although  in  less  measure.  Therefore 
it  has  been  considered  best  to  base  a  comparison  on  draft  power  of 
chimneys  of  the  same  capacity. 

Therefore,  Table  No.  11  gives  the  comparisons  between  boilers 
and  their  developed  capacities  based  on  data  in  Table  No.  3,  and 

*Journel  Western  Society  of  Engineers,  Vol.  XL,  p.  539. 
tThe  composition  for  the  Clearfield  coal  is  taken  from   Steam  Boilers  by 
Peabody  &  Miller,  p.  41. 
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Table  No.  12  traces  the  process  which  shows  that  on  a  basis  of  equal 
chimney  capacity  the  improved  boiler  is  57  per  cent,  better,  and  on 

TABLE  No.  11. 

COMPARISON    OF    BOILERS     AND    DEVELOPED    CAPACITIES. 

Fisk  Street 

Improved  Boiler  Boiler 
Average  of     Average  of 

4  tests  18  tests 

Builder's  horsepower   rating 400  500 

Correct  horsepower  rating   400  552.8 

Heating  surface  in  boiler,  sq.   ft 4000  5200 

Heating  surface  in  superheater,  sq.  ft 0.00  960 

Heating  surface,  total  sq.  ft 4000  6160 

Grate  area  in  sq.  ft 72  90 

Ratio  of  correct  horsepower  ratings   1.00  1.38 

Ratio  of  grate  surfaces   1.00  1.25 

Horsepower  developed  in  tests  608.4  742-3 

Ratio  of  horsepowers  developed   1.00  1.22 

Sq.  ft.  of  heating  surface  per  horsepower  developed  on  basis 

of  4000  and  5528  sq.  ft 6.57  7.45 

Ratio  of  sq.   ft.  of  beating  surface  required  per  horsepower 

developed 1.00  1.13 

TABLE  No.  12. 

COMPARISON   BETWEEN   BOILER  PERFORMANCE  ON    BASIS  OF  DRAFT. 

Comparison  based  on     Comparison  based  on 

draft  at  fire  height  of  chimneys 

Improved       Fisk  St.      Improved      Fisk  St. 

Boiler  Boiler  Boiler  Boiler 

Average      Average     Average       Average 

4  tests       18  tests         4  tests         18  tests 

Drait  over  fire  in  inches  of  water 0-237  0-733 

Ratio  of  drafts  at  fire i.oo  3.24 

Horsepower  that  would  be  developed 
with  draft  at  fire  of  boiler  No.  10  for 

both  boilers    608.4  5150 

Ratios    of    horsepower    developed    with 

equal  draft  for  both  boilers 1.18  1.00 

Horsepower  developed  by  boilers  of  No. 
10  type  with  chimney  130  ft.  high  and 

18  ft.  diameter   608.4 

Horsepower  actually  developed  by  Fisk 
Street  with  chimney  250  ft.  high  and 

18  ft.  diameter   742.3 

Horsepower  that  would  be  developed  by 
boiler  No.  10  with  chimney  250  ft. 
high  and  18  ft.  diameter,  according  to 

stronger  draft  of  Kent's  formula 843.8 

Ratio  of  horsepowers  developed  with  a 
chimney     250     ft.     hisrh     and     18     ft. 

diameter  for  both  boilers 1.13  1.00 

Horsepower  development  per  sq.  ft.  of 
heating   surface   with    equal    draft    or 

equal   chimney    0.1521         0.0932        0.2109        0.1342 

Ratio  of  capacities  developed  per  sq.  ft. 
of  heating  surface  with  equal  draft  or 
equal  height  of  chimney  for  both 
bo:lers    1.63  1.00  1.57  1.00 
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1  basis  of  draft  at  the  fire,  63  per  cent,  better,  which  is  a  reasonably 
4o<;e  agreement. 

The  calculation  for  draft  power  of  the  chimneys  is  according  to 
the  formula  of  Prof.  Kent,  p.  427,  Steam  Boiler  Economy,  First 
Edition. 
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Fig.    15.     Diagram    showing    progress    of    incomplete    combustion    loss    with 
decreasing  air  supply,  referring  to  condition  of  table  No.  7. 

The  explanation  of  Table  No.  3  should  be  examined  for  informa- 
tion concerning  some  features  applying  to  the  author's  reply.  The 
various  criticisms,  however,  are  replied  to  in  detail  in  the  following 
sections,  which  are  identified  by  the  name  of  the  person  who  offered 
the  discussion. 

According  to  Mr.  Brydon's  statement,  his  knowledge  concerning 
Fisk  Street  boiler  performance  is  greater  than  the  author's,  and  it  is 
certainly  to  be  regretted  that  he  did  not  take  advantage  of  this  and 
present  what  he  probably  considers  the  truth  of  the  matter,  and  the 
fact  that  he  did  not  do  so  destroys  the  force  of  his  statements. 

He  expresses  inability  to  understand  the  various  "deductions,  addi- 
tions and  subtractions,"  and  attempts  to  reach  conclusions  on  the 
basis  of  "combustible  burned,"  notwithstanding  which  he  still  seems 


to  experience  trouble  because  his  figure  for  the  efficiency  of  test  No.  I 
is  higher  than  that  for  No.  2,  when  as  a  matter  of  fact  these  three 
tests  in  Table  No.  3  which  he  quotes,  show  very  plainly  that  No.  2 
gave  the  highest  efficiency  on  the  basis  of  coal  burned,  or  in  other 
words,  "combustible  burned." 

To  what  extent  opinions  are  influenced  by  the  point  of  view  adop- 
ted, is  illustrated  by  Mr.  Brydon"s  criticism  of  the  tests  on  the  Fisk 
Street  boiler,  wherein  he  says  they  were  not  "boiler"  tests  but  "coal" 
tests.  The  facts  are  that  the  results  of  all  of  the  boiler  performances 
recently  presented  by  the  U.  S.  Geological  Survey  which  Prof.  Breck- 
enridge  considers  to  be  the  best  mass  of  data  of  the  kind  ever  accu- 
mulated, are  from  tests  of  "coal"  instead  of  tests  of  "boilers."  There 
is  absolutely  no  difference  in  the  method  of  doing  the  work;  it  is 
exactly  the  same  process,  excepting  that  if  the  inquiry  concerns  the 
performance  of  a  boiler  it  is  called  a  "boiler  test ;"  if  it  relates  to  coal, 
it  is  termed  a  "coal  test,"  and  these  tests  of  Mr.  Chauvet's  on  the 
Fisk  Street  boilers  were  all  as  carefully  and  accurately  conducted  as 
they  could  be.  and  would  have  been  no  different  had  their  purpose 
been  to  accumulate  information  relative  to  the  performance  of  the 
boiler  or  any  other  feature  of  the  apparatus,  and  all  the  items  it  was 
possible  to  obtain  as  giving  data  for  preparation  of  the  heat  balance 
was  procured,  with  the  exception  of  loss  in  the  refuse  which  was 
very  accurately  determined  by  a  large  number  of  special  tests  made 
for  that  purpose. 

Of  all  the  discussion,  that  offered  by  Mr.  Chauvet  is  the  most  valu- 
able, because  he  concedes  the  accuracy  of  the  test  records  upon  which 
the  consideration  of  the  comparative  value  of  the  two  boilers  is  based. 

As  already  defined  in  the  introduction  to  the  paper,  the  object  of 
the  inquiry  concerned  only  the  matters  of  completeness  of  combus- 
tion and  heat  absorption,  therefore  it  made  no  difference  whether 
there  was  more  loss  of  fuel  in  the  ash  pit  in  one  case  than  in  the 
other.  This  he  ignores,  confining  attention  exclusively  to  a  com- 
parison on  a  basis  of  fuel  as  fed  instead  of  burned.  His  attitude  is 
decidedly  critical,  and  there  can  be  no  doubt  that  had  he  been  able  to 
discuss  adversely  the  advantage  of  completeness  of  combustion  and 
heat  absorption  shown  by  the  improved  boiler,  he  would  have  done 
so,  but  not  finding  this  possible,  he  has  advanced  some  very  able  and 
skillfully  presented  arijuments  regarding  comparative  performance 
on  the  basis  of  coal  as  fed,  thus  introducing  the  matter  of  stoker 
action  which  has  no  direct  connection  with  the  matter  whatever.  In 
addition  he  has  persisted  in  ignorine  the  fact  that  the  improved  boiler 
No.  10  was  entitled  to  be  served  with  a  gas  as  high  in  C02  as  in  the 
case  of  the  other. 

At  the  start  his  objections  are  summarized  in  three  items,  but  it 
is  well  that  the  following  sections  numbered  1  to  8  have  attention,  and 
for  identification  the  corresponding  answers  are  given  the  same  num- 
ber used  in  his  paragraphs. 

1.     812  Horsepower  for  the  Fisk  Street  boilers  was  not  obtained 
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with  Illinois  Midland  coal ;  it  was  from  another  group  of  tests  than 
those  giving  the  efficiency  value,  and  it  was  employed  because  Mr. 
Chauvet,  not  the  author,  considered  it  representative  for  these  boilers. 
The  horse  power  as  given  in  the  last  column  of  Table  No.  3  indicates 
the  average  horse  power  of  all  of  the  tests  made  under  boilers  served 
by  chimneys  250  feet  high  on  coal  from  the  seam  mined  by  the  Ill- 
inois Midland  Coal  Co. 

2.  Criticism  of  the  diagram  Fig.  6  is  answered  in  the  reply  to 
Mr.  McClure. 

3.  It  is  a  fact  that  the  CO,  of  9.52  was  not  obtained  at  Cedar 
Rapids,  but  in  justice  to  boiler  No.  10  it  ought  to  have  been,  thus 
it  is  entitled  to  credit  for  this  reason. 

4.  If  in  applying  the  higher  C02  to  the  improved  boiler  No.  10, 
a  change  has  been  made  in  the  temperature  of  the  flue  gas,  such 
change  would  have  been  a  reduction,  tending  to  increase  efficiency, 
thus  this  criticism  has  no  weight. 

5.  The  comparison  between  Pawnee,  Fulton  County.  111.,  and 
Iowa  coal,  is  in  no  way  significant,  because  the  results  are  based  on 
coal  as  fed  and  not  as  burned  (gasified).  It  will  also  be  observed 
that  the  comparative  CQ2  is  omitted.  The  efficiency  and  horsepower 
quoted  for  the  Pawnee  and  Fulton  County  coal  are  based  on  a  specific 
heat  of  0.750  instead  of  0.503,  and  no  correction  has  been  made  for 
the  difference  in  coal  actually  burned  as  compared  to  that  charged  to 
the  stoker,  features  entirely  distinct  from  that  of  loss  in  the  refuse, 
which  however  of  itself  was  much  larger  for  the  improved  boiler. 
It  did  not  serve  Mr.  Chauvet's  purpose  to  base  results  on  coal  as 
burned,  consequently  he  did  not  do  so. 

6.  He  states  that  the  author  claimed  it  necessary  to  waste  large 
amounts  of  coal  to  prevent  air  leakage  at  the  back  of  the  grate,  and  in 
this  connection  mentions  certain  air  dampers  in  the  stoker,  the  infer- 
ence being  that  these  dampers  would  prevent  leakage  and  that  this 
waste  of  coal  was  unnecessary,  yet  in  paragraph  3  he  states  that  if  the 
fire  had  not  been  run  over  the  end  of  the  grate  as  it  was,  CO,  would 
have  been  even  less  than  7.6.  two  conflicting  statements. 

7.  Regarding  the  comments  relative  to  the  unaccounted  for  loss, 
this  is  made  clear  by  Mr.  McClure's  answer  to  Prof.  Breckenridge's 
discussion.  Mr.  Chauvet  is,  however,  very  much  in  error  in  comparing 
the  two  cases  of  tile  roof  performance  as  one  of  them  is  fired  by 
hand  and  the  other  by  stoker,  and  he  must  be  aware  that  it  is  impos- 
sible to  obtain  in  intermittent  hand  firing  a  condition  which  will  per- 
mit of  complete  combustion.  That  this  is  true  is  illustrated  by  Fig. 
16  from  "A  Study  of  400  Steaming  Tests,"  page  151.  issued  by  the 
U.  S.  Geological  Survey,  showing  progess  of  unaccounted  for  loss 
with  increasing  incomplete  combustion. 

8.  In  taking  into  consideration  the  difference  in  the  size  of  coal 
in  the  tests  of  the  improved  boiler  and  that  at  Fisk  street,  it  so  hap- 
pened that  the  Illinois  Midland  coal  used  for  the  improved  boiler  was 
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of  an  unusualy  favorable  size,  and  if  all  other  conditions  in  the  two 
cases  were  equal,  the  improved  No.  10  boiler  would  have  shown  a 
superiority  in  efficiency  and  capacity  due  to  this  better  coal,  but  con- 
ditions differed,  and  notwithstanding  the  fact  that  this  boiler  was 
served   with  superior   coal   it  did  not  attain  as  high  C02  as   Fisk 
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Fig.    16.     Diagram  showing  progress  in  unaccounted  for   loss  with  increase 
of  incomplete  combustion.     Page   151,  A  Study  of  400  Steaming  Tests, 
U.  S.  Geological  Survey. 

Street,  for  reasons  which  have  been  clearly  stated  heretofore,  there- 
fore the  superiority  in  coal  was  not  sufficient  to  place  combustion  on 
the  same  air  supply  basis  as  enjoyed  by  the  Fisk  Street  boiler.  These 
experiments  to  which  Mr.  Chauvet  refers  are  valuable  ones  and  it  is 
fortunate  that  he  cites  them  ;  also  that  headdsacorrespondingC02col- 
umn,  because  it  saves  the  author  the  trouble  of  extended  explanation. 
The  fact  should  be  borne  in  mind  that  the  size  of  the  coal  can  have 
no  direct  influence  on  efficiency  or  capacity.  It  simply  produces  dif- 
ferent condition  of  combustion,  causing  a  higher  or  lower  C02,  and 
it  is  this  condition  of  combustion  which  affects  the  efficiency  and 
capacity,  therefore  if  the  better  coal  used  under  the  improved  boiler 
has  produced  a  higher  COz  than  prevailed  with  the  Fisk  Street  boiler, 
Mr.  I  'hauvet's  argument  would  have  weight,  otherwise  it  has  not. 

If  stoker  action  could  not  be  improved  with  boiler  No.  10  then 
its  advantage  as  compared  with  the  Fisk  Street  boiler,  except  for 
smokelessne^.  would  be  small ;  but  if  served  by  as  good  a  stoker. 
the  performance  of  the  entire  apparatus  on  the  basis  of  coal  sup- 
plied, insures  the  same  superiority  as  shown  upon  the  basis  of  fuel 
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as  burned.  That  this  is  true,  is  evidenced  by  the  result  of  Mr. 
Greene's  observations  and  experience  which  have  enabled  him  to 
adjust  the  position  of  the  water  back  and  stop  air  leaks,  so  that  he 
now  obtains  15  to  17  per  cent.  C02  with  a  reasonable  loss  in  the 
refuse. 

Professor  Breckenridge  questions  the  accuracy  of  water  meters, 
and  states  that  his  experience  does  not  coincide  with  that  of  the 
author;  in  fact,  that  he  has  tried  in  several  cases  to  justify  the  use 
of  water  meters,  but  the  result  has  always  been  disappointing.  He 
fails,  however,  to  present  evidence  in  form  that  would  enable  one  to 
see  for  himself  whether  his  "disappointment"  necessarily  proved  that 
meters  were  unreliable.  Had  he  made  use  of  meters  in  good  condi- 
tion and  kept  track  of  their  accuracy  by  sufficient  amount  of  cali- 
bration, it  would  have  enabled  him  to  make  much  more  certain  and 
reliable  water  measurements  than  by  any  method  of  weighing  or 
measuring  in  tanks,  because  by  their  use  two  important  elements  of 
uncertainty  may  be  eliminated.  One  of  these  is  error  due  to  failure 
in  properly  recording  quantities  of  water,  which  is  often  an  almost 
physical  impossibility  when  men  have  scarcely  a  moment's  interval 
between  tanks ;  the  other  is  that  of  dishonesty  in  manipulation  of 
records,  two  sources  of  error  more  common  than  many  people  sup- 
pose. With  a  meter,  however,  the  engineers  in  charge  may  observe 
the  indication  at  the  start  and  finish  of  a  test,  in  fact,  the  entire  staff 
may  do  so.  Thus  two  simple  observations  regarding  which  no  ques- 
tion can  be  raised,  is  all  there  is  to  the  matter.  The  requirements  for 
successful  water  measurements  by  means  of  meters  are : 

1.  A  good  meter. 

2.  Reliable  calibration  thereof. 

3.  Display  of  intelligence  in  the  use  of  the  device. 

In  reference  to  radiation  losses,  his  disposition  is  to  consider  the 
amount  larger  than  intimated  in  the  author's  paper,  and  estimates  it 
at  3  per  cent,  but  nullifies  any  advantage  that  should  attach  thereto 
by  saying,  "We  have  made  at  different  times,  numerous  attempts  to 
determine  radiation  losses  from  boiler  settings,  and  the  results  have 
not  been  satisfactory."  We  would  be  justified  in  expecting  more 
complete  and  authentic  statement  than  this.  Mr.  R.  S.  Hale,  who 
has  made  an  extended  study  of  boiler  performance,  has  compiled  a 
representative  heat  balance  from  data  furnished  by  a  large  number  of 
tests*  as  follows : 

Lost  in  incomplete  combustion  of  hydrocarbons 7 

Lost  in  incomplete  combustion  to  carbon  monoxid 1 

Lost  in  sensible  heat  in  flue  gases 20 

Lost  in  radiation I 

Available  in  steam 71 

Total   100  per  cent. 


♦Engineering  Magazine.  Vol.  XVII,  p.  626.     Trans.  Am.  Soc.  Mech.  Engrs. 
Vol.  XX,  p.  769. 
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which  supports  neither  Prof.  Breckenridge's  nor  Mr.  McGovney's 
arguments,  when  in  respect  to  the  latter  it  is  considered  that  the 
greater  portion  of  the  tests  used  by  Mr.  Hale  were  with  coal  low  in 
volatile  matter,  and  for  which  reason,  loss  in  escaping  hydrocarbons 
is  less  than  with  high  volatile  coal  as  shown  by  Fig.  17. 
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Fig.  17.  Curve  showing  decrease  in  efficiency  due  to  escaping  hydrocar- 
bons with  increase  of  volatile  matter  in  coal.  Page  89,  A  Study  of  400 
Steaming  Tests.  U.  S.  Geological   Survey. 


Regarding  the  method  of  compilation  of  the  comparative  heat  bal- 
ance in  Table  Xo.  1,  Prof.  Breckenridge  is  incorrect  in  stating  that 
the  author  is  not  justified  in  presenting  the  matter  as  he  does,  because 
the  method  consisted  in  adding  together  the  known  losses  for  the 
comparative  conditions  and  subtracting  the  sum  from  100,  the  remain- 
der being  the  efficiency  obtained  by  difference. 

He  has  submitted  a  version  of  heat  balance  for  Test  No.  2,  wherein 
more  than  100  per  cent,  appears  to  be  accounted  for,  even  when  radi- 
ation, loss  by  sensible  heat  in  the  refuse  and  moisture  in  the  air  are 
not  included,  which  is  offered  as  evidence -that  tests  on  boiler  Xo. 
10  are  inaccurate.  This  conclusion  he  arrived  at.  apparently  through 
an  error,  by  a-suming  in  calculating  loss  in  the  hot  gase^.  that  all  of 
the  fuel  entered  into  the  combustion  process,  as  has  been  shown  by 
Mr.  McClure  in  a  special  discussion,  when  as  a  matter  of  fact  some  15 
per  cent,  of  the  coal  entered  the  ash  pit,  therefore  the  weight  of  the 
dry  gas  which  he  took  was  approximately  that  much  too  large,  with  a 
corresponding  effect  on  the  heat  loss  calculated  on  such  erroneous 
basis.     This  is  a  rather  serious  matter,  and  suggests  the  inquiry  as 
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to  whether  the  United  States  Geological  Survey  and  Illinois  Engi- 
neering Experiment  Station  tests  have  been  calculated  on  such  basis. 
If  they  have  been,  the  unaccounted  for  loss  reported  in  the  U.  S. 
Geological  Survey  tests  is  greater  than  supposed.  It  is  an  easy 
matter  to  fall  into  this  error  in  calculating  loss  in  hot  gases,  and  it 
is  possible  that  the  code  for  boiler  trials  of  the  committee  of  the 
American  Society  of  Mechanical  Engineers  is  not  sufficiently  explicit 
to  guard  against  it.  and  it  is  no  doubt  advisable  that  it  be  revised  in 
this  respect.  Another  feature  might  also  have  attention,  that  of 
hydrogen,  as  the  code  considers  that  air  is  supplied  for  all  of  it, 
when  as  a  matter  of  fact  only  the  available  hydrogen  combines  with 
oxygen  from  the  air.  the  remainder  being  already  in  effect  in  combi- 
nation with  oxygen  in  the  coal. 

Mr.  McGovney  thinks  that  there  would  be  a  "rose  strewn  path" 
for  the  tile  roof  furnace  if  it  could  burn  up  the  unaccounted  for  loss. 
Aside  from  his  horticultural  simile  it  may  be  said  that  in  this  case 
the  unaccounted  for  loss  is  a  combustible  one,  therefore  it  is  quite 
appropriate  for  the  tile  roof  to  burn  it  up. 

He  expresses  interest  in  the  author's  method  of  making  a  compar- 
ison between  the  two  boilers,  and  follows  with  the  statement,  "How- 
ever, Professor  Breckenridge  has  shown  that  the  indications  of  such 
phenomena  are  due  to  erroneous  methods  in  the  calculations."  The 
author,  however,  regrets  that  he  is  compelled  to  say  that  Prof.  Breck- 
enridge has  shown  something  quite  different  from  what  Mr.  McGov- 
ney has  stated,  as  he  will  find  in  detail  in  the  discussions  prepared  in 
answer  by  Mr.  McClure. 

He  asks  if  experiments  have  shown  10.24  per  cent  loss  due  to 
smoke,  apparently  cverlooking  the  fact  that  the  determination  of  such 
loss  was  the  main  purpose  of  the  investigation. 

The  thickness  of  fire  or  in  other  words,  opening  of  the  feed  gate 
for  tests  represented  by  Fig.  6  and  Table  No.  2,  being  the  same 
tests,  was  7.73  inches. 

The  meaning  of  the  latter  portion  of  his  discussion  is  not  very 
clear,  but  the  argument  appears  to  be  that  the  Fisk  Street  fires  were 
not  sufficiently  thick  for  the  draft  used.  The  thickness  employed 
was  the  result  of  stu^ly  and  experiment  and  is  considered  suitable  for 
high  capacity.  At  all  events,  the  comparison  between  capacity  of 
both  boilers  on  the  basis  of  draft  at  the  chimney  replies  to  the  infer- 
ence that  the  fires  were  not  of  proper  thickness.  In  referring  to  the 
Engineering  Experiment  Station  tests,  he  would  have  made  his  illus- 
tration much  clearer  had  he  stated  what  grade  of  coal  was  used. 

If  there  is  any  question  in  his  mind  regarding  the  superiority  in 
efficiency  of  the  improved  boiler,  a  comparison  on  the  basis  of  coal 
reported  as  fed  to  the  stokers  should  settle  the  matter,  because  such 
compari-on  does  not  require  the  use  of  a  heat  balance,  the  point  he 
questions,  nor  does  it  take  into  account  that  the  Fisk  Street  stoker 
used  a  better  grade  of  coal  than  that  charged  against  it. 
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Improved  Boiler  Tests       Fisk  St. 
No.  3         No.    I        Boiler 
Average 

C02  6.92  9.66  8.99 

Per  cent  loss  in  refuse 6.71  5.68  2.41 

Efficiency,  reported  on  basis  of  moist  coal  as 

fed    66.07  68.20  64.91 

Test  No.  3  was  made  at  the  suggestion  of  Mr.  Chauvet,  who  con- 
sidered that  tests  1  and  2  had  not  been  conducted  as  well  as  they 
could  have  been  and  this  one  .was  superintended  by  him  exclusively, 
the  stoker  being  operated  at  his  request  by  J.  Murowski.  The  accu- 
racy of  the  fourth  test  is  certified  to  by  Mr.  Greene. 

It  is  to  be  regretted  that  Mr.  Bollinger  did  not  see  fit  to  state  his 
experience  with  the  Babcock  &  Wilcox  boilers  in  the  plant  of  the 
Western  Electric  Company,  to  which  he  has  made  an  application 
of  tile  furnace  roofs. 

In  Mr.  McClure's  answer  to  Prof.  Breckenridge,  concerning  the 
matter  of  loss  in  hot  gases,  Mr.  Pennock  will  find  data  which  will 
show  him  that  the  total  heat  accounted  for  in  test  No.  2  is  not  above 
100  per  cent  as  he  supposes. 

Relative  to  the  matter  of  moisture  in  steam,  he  considers  that  it 
ought  to  be  not  less  than  1.5  or  2  per  cent  for  the  conditions  under 
which  the  Cedar  Rapids  boiler  was  operated,  but  in  this  connection 
it  should  be  said  that  there  is  no  information  bearing  on  the  matter 
of  moisture  in  steam  which  would  justify  his  conclusion.  Formerly, 
when  manufacturers  made  guarantees,  it  was  often  stated  that  mois- 
ture would  not  exceed  1  per  cent!  Sometimes,  however,  determina- 
tions appeared  to  indicate  that  it  was  above  this  point,  therefore  it 
later  became  the  practice  in  some  cases  to  place  it  at  2  per  cent,  but 
as  a  matter  of  fact,  the  amount  as  obtained  from  the  sample  entering 
the  calorimeter  is  no  indication  of  the  actual  or  possible  quantity  of 
water  which  may  be  carried  out  with  the  steam,  and  if  anything,  the 
higher  the  capacity  the  less  indication  of  moisture  there  is  in  the  calor- 
imeter, but  oftener  reports  have  shown  it  as  low  as  one-half  of  one 
per  cent.  An  important  contribution  to  this  subject  will  be  found 
in  the  Transactions  of  the  American  Society  of  Mechanical  Engi- 
neers, Vol.  XXVI.  p.  312.  Even  if  a  calorimeter  had  been  applied 
to  the  Cedar  Rapids  boiler,  it  would  have  in  no  way  asisted  the  author 
in  his  presentation  of  the  subject.  It  is  a  fact,  however,  that  the 
B.  &  W.  is  a  very  dry  steaming  boiler,  and  it  is  well  to  call  attention 
to  this  point,  because  Mr.  Pennock's  statement  is  inclined  to  convey 
the  opposite  impression. 

It  is  probable,  of  course,  that  steam  in  contact  with  water  contains 

s<  me  moisture,  or  is  saturated  as  in  the  case  of  air  or  other  gases, 

and  if  any  water  escapes  in  excess  of  this,  it  is  because  it  is  carried 

over  mechanically.    Thus  there  could  be  two  conditions,  one  that  of 

'rated  steam  which  would  be  a  natural  state,  in  which  it  is  as  dry 

t  is  possible  for  it  to  be  without  superheating,  in  other  words, 
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"commercially  dry  steam  ;"  or,  as  saturated  steam  which  mechanically 
carries  water  with  it.  It  is  probable  that  if  we  know  the  per  cent 
of  natural  saturation,  account  could  bz  taken  of  it.  As  it  is,  however, 
the  only  thing  a  steam  calorimeter  has  accomplished,  is  to  cause  con- 
fusion. Therefore,  the  author's  assumption  that  steam  was  dry,  leads 
to  less  error  than  would  have  been  the  case  had  an  attempt  been  made 
to  employ  the  indications  of  a  calorimeter. 

Analysis  of  the  flue  gas  was  made  by  a  modified  form  of  Orsat 
apparatus  illustrated  in  the  Journal  of  the  American  Chemical  Soci- 
ety, Vol.  XXVII,  p.  1252. 

The  Keystone  hot  water  meter  used  in  the  test  of  No.  10  boiler 
was  certified  to  by  the  Pittsburg  Meter  Co.,  its  maker,  as  being  cor- 
rect. During  the  test,  the  water  which  passed  through  it  was  first 
measured  in  calibrated  tanks  which  afforded  an  opportunity  to  deter- 
mine its  accuracy.  After  the  tests  were  completed  the  meter  was  sent 
to  the  Department  of  Public  Works  of  Chicago  and  again  calibrated, 
and  the  report  of  the  Department  stated  it  to  be  correct,  therefore 
it  should  be  said  that  as  far  as  could  be  determined,  the  meter  was 
absolutely  accurate.  Not  only  was  every  precaution  taken  to  insure 
accuracy  of  the  measurement  of  water  as  well  as  everything  else,  but 
evidence  was  obtained  supporting  the  facts  so  there  could  be  no 
question. 

Professor  Kent  considers  several  important  features.  His  criti- 
cism of  the  extension  of  the  ignition  arch  so  far  into  the  furnace  is 
excellent,  and  his  prediction  that  it  would  burn  out  shows  excellent 
judgment,  because  this  is  just  what  did  happen  to  it.  This  long  arch 
was  the  outcome  of  a  suggestion  made  by  Mr.  Chauvet,  and  after  it  had 
been  in  use  for  something  like  two  months,  it  failed  by  settling  down 
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Fig.   18.     Section  showing  manner  of   failure  of  long  ignition  arch. 

in  the  center  as  shown  by  Fig.  18.  There  is  really  no  cccas:on  for 
such  long  arch,  because  corresponding  effect  may  be  obtained  from 
the  presence  of  the  tile  furnace  roof. 

In  reply  to  the  inquiry  why  such  a  high  figure  as  80.18  per  cent 
efficiency  has  been  employed  in  the  preparation  of  Table  No.  1  when 
the  highest  of  the  three  tests  in  Table  No.  3  is  66.07,  it  should  be  said 
that  Table  No.  1  was  a  compilation  presented  as  an  illustration  show- 
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ing  what  the  comparative  performance  would  be  if  all  of  the  coal  fed 
was  burned  instead  of  a  portion  wasted  in  the  ash  pit,  and  this  figure 
of  course,  should  be  much  higher  than  any  of  those  obtained  in  Table 
No.  3,  because  each  of  the  tests  had  a  very  large  loss  by  unburned 
coal  which  was  discharged  with  the  refuse.  This  matter,  however, 
has  been  previously  discussed  in  the  author's  closure. 

In  reference  to  the  statement  that  the  heat  balance,  Table  Xo.  i, 
allows  nothing  for  loss  due  to  evaporating  and  superheating  moisture 
in  the  coal,  Mr.  McClure's  discussion  of  Prof.  Breckenridge's  con- 
clusions treats  of  this  matter  in  detail.  The  loss  due  to  moisture  in 
the  air  was  neglected,  or  in  other  words,  it  was  provided  for  in  the 
item  of  heat  unaccounted  for. 

It  is  a  fact  that  the  C02  for  both  of  those  chain  grate  plants  under 
discussion  was  very  low,  and  it  is  also  true  that  with  common  eastern 
practice  very  much  higher  figures  are  easily  obtained.  The  prob- 
lem is  a  more  difficult  one  with  the  character  of  coal  that  must 
be  used  in  this  locality  as  against  that  in  the  East.  Western  screen- 
ings contain  a  high  percentage  of  dust  and  much  ash.  Since  these 
tests  were  made,  however,  Mr.  Greene  has  obtained  a  much  better 
performance  from  this  boiler  by  stopping  the  air  leaks  and  reducing 
the  opening  between  the  water  back  and  the  end  of  the  chain  grate 
stoker,  and  reports  that  he  now  obtains  COL,  which  easily  ranges 
from  15  to  17  per  cent. 

In  reference  to  Fig.  6,  it  is  a  fact  that  clinkering  of  coal  would  pro- 
duce a  condition  indicated  by  this  diagram.  Such,  however,  would  be 
more  particularly  true  of  forms  other  than  chain  grate  stokers,  with 
which  such  variations  of  draft  are  caused  almost  altogether  by  the 
size  of  the  coal  and  quantity  of  the  ash,  although  the  latter  does  not 
to  any  great  extent  form  compact  clinkers. 

Mr.  McClure  criticises  the  paper  in  a  number  of  respects.  The 
title  first  has  attention,  and  it  is  his  argument  that  the  apparatus 
shown  in  Fig.  1  should  not  be  considered  as  an  improved  boiler  per 
se,  but  that  it  is  an  improved  Babcock  &  Wilcox  form.  The  author, 
however,  cannot  agree  with  him,  because  the  design  has  not  received 
the  sanction  of  the  builder  of  the  B.  &  W.  boiler,  and  it  is  not  recom- 
mended by  that  Company,  which  claimed  no  responsibility  for  its  suc- 
cessful working,  nor  in  any  way  assumed  or  endeavored  to  assume 
proprietorship  in  the  design.  The  fact  that  it  has  2>lA  mcn  tubes 
in  the  bottom  row,  in  addition  to  the  reversed  travel  of  gases  and 
presence  of  the  tile  roof,  are  features  which  have  never  received 
endorsement  from  the  maker  of  this  type  of  boiler,  therefore  it  is  felt 
that  it  should  more  properly  be  considered  a  new  design  which  cop- 
ies the  better  features  of  the  B.  &  W.  apparatus  rather  than  being 
an  improvement  of  that  boiler. 

He,  like  Messrs.  Brydon  and  Chauvet,  criticises  diagram  No.  6 
and  asks  for  further  explanation,  therefore  Fig.    [9  is   submitted* 

♦Journal  W.  S.  E.  Vol.  IX,  p.  44. 
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which  it  is  trusted  will  make  the  matter  clear.  The  diagram  is  from 
experiments  with  a  chain  grate  stoker  and  Babcock  &  Wilcox  boiler 
using  fairly  uniform  coal  in  different  tests,  with  varying  strength  of 
draft,  and  it  would  appear  therefrom,  that  there  is  sufficient  justifica- 
tion for  the  use  of  Fig.  6.  It  will  be  observed  that  the  curve  of  effi- 
ciency assists  materially  in  locating  the  point  of  zero  capacity. 

Mr.  Greene  asks  what  advantages  are  claimed  for  the  setting 
shown  by  Fig.  5  over  that  in  Fig.  1.  The  author  regrets  that  he  is 
unable  to  furnish  reply  to  this  inquiry. 
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DRAFT    OVER     FIRE    IN  INCHES   OF   WATER 
Fig.    19.      Diagram    showing    capacity    and    efficiency    with    varying    strength 
rafl  with  Babcock  &  Wilcox  boiler  and  chain  grate  stoker. 

Mr.  Kershaw  has  rendered  excellent  service  in  presenting  the 
experience  of  himself  and  associates  in  Great  Britain.  His  observa- 
tions have  been  extended,  consequently  his  (pinion  is  authoritative, 
and  the  author  wishes  especially  to  thank  him. 

In  reply  to  the  question  regarding  the  cost  and  maintenance  of 
the  tile  roof,— the  tiles  are  one  foot  long,  two  being  required  to  cover 
each  foot  in  length  of  boiler  tube.  The  cost  of  the  tiles  has  been 
from  10  to  12  cts.  (5  to  6  d.)  each,  and  their  average  life  is  from 
one  to  two  years.  They  may  be  put  in  place  by  the  men  who  ordina- 
rily care  for  boilers,  the  services  of  a  brick  mason  not  being  required. 

Mr.  Abbott  gives  the  pounds  of  water  evaporated  per  pound  of 
combustible  (pure  coal)  burned  (gasified)  for  the  Babcock  &  Wil- 
cox boiler  as  9.67 ;  this,  however,  is  based  on  a  loss  of  2.67  per  cent  in 
the  refuse,  and  it  becomes  9.64  when  final  correction  due  to  ultimate 
analysis  of  refuse  is  made,  which  gives  a  refuse  loss  of  2.41  per  cent 
instead  of  2.67,  therefore  the  correct  comparison  is  9.64  as  against 
10.47  m  tests  J>  2 'and  3,  of  the  improved  boiler,  and  this  does  not  take 
into  account  that  the  Fisk  Street  boiler  used  coal  superior  to  that 
charged  against  it,  as  mentioned  in  the  explanation  to  Table  No.  3. 
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Mr.  Scholz  does  well  in  calling  attention  to  the  fact  that  at  pres- 
ent, our  most  serious  smoke  problem  is  in  connection  with  return 
tubular  boilers.  This  is  true  because  it  has  been  thus  far  assumed 
that  smokeless  results  were  to  be  obtained  from  this  class  of  appa- 
ratus by  means  of  careful  firing-,  or  in  other  words,  a  uniform  feed  of 
fuel  such  as  obtained  with  a  stoker.  The  fact,  however,  should  be 
taken  into  consideration,  that  it  is  impracticable  and  often  impossible 
to  obtain  the  necessary  uniformity  in  feed  of  coal,  and  that  any  rem- 
edy for  these  cases  must  be  sufficiently  comprehensive  to  overcome 
the  effect  of  this  condition  of  irregular  feed. 

Mr.  Kuss  has  suggested  that  detailed  data  for  the  Fisk  Street 
Station  tests  be  inserted,  which  has  been  done  in  the  enlarged  Table 
No.  3. '  The  author,  however,  is  not  certain  that  its  presence  would 
have  reduced  the  amount  of  adverse  criticism.  If  so,  the  author  is 
glad  that  the  data  was  not  inserted,  in  view  of  the  fact  that  sufficient 
information  for  all  necessary  purposes  was  presented  in  the  appen- 
dix. 

Mr.  Williams  has  shown  views  of  two  designs  of  boiler  submitted 
to  him  when  bids  were  asked  for  boilers  at  Cedar  Rapids,  and  the 
author  will  explain  that  both  Babcock  &  Wilcox  and  Heine  types 
were  prepared  in  two  forms,  one  having  five  passes  of  the  gases 
across  the  tube  surface  and  the  other  three  passes,  for  the  reason 
that  at  that  time  it  was  not  decided  whether  or  not  it  would  be  desir- 
able to  employ  a  three  or  five  pass  boiler. 

Mr.  Harrington  is  right  in  considering  that  the  advantage  of 
smokelessness  and  complete  combustion  are  due  entirely  to  the  better 
provision  for  burning  the  coal,  because  as  far  as  the  boilers  them- 
selves are  concerned,  it  is  no  doubt  true  that  the  standard  boiler  in 
itself  is  as  efficient  as  the  improved  one. 

It  is  unfortunate,  however,  that  Mr.  Harrington  does  not  believe 
there  is  necessity  for  this  particular  form  of  furnace.  It  would  be 
possible,  of  course,  to  obtain  equally  complete  combustion  without 
such  furnace  roof  and  with  vertical  pass  boilers,  provided  the  boil- 
ers are  set  sufficiently  high  above  the  fire,  but  to  obtain  such  condi- 
tions would  require  enormously  high  settings,  and  it  is  more  economi- 
cal and  satisfactory  to  obtain  the  same  effect  by  length  of  travel  hor- 
izontally in  the  space  below  the  boiler,  which  can  be  readily  done. 

Mr.  JJoegershausen  asks  whether  the  tile  roo  lute  neces- 

sity in  the  prevention  of  smoke,  and  it  is  probably  best  to  reply  that  it 
is  essential  for  all  stoker  conditions,  chain  grates  included.  In  the 
case  of  an  application  of  chain  grates  to  Heine  boilers  with  the  usual 
lower  baffling  made  of  T  tiles,  which  expose  the  entire  lower  half  of 
the  bottom  row  of  tubes  of  the  boiler,  there  issued  a  persitsent  and 
continuous  volume  of  smoke  in  serious  amount,  although  not  black 
in  color.  The  application  in  these  cases  of  encircling  tiles  to  the 
lower  row  of  tubes  eliminated  this  smoke. 
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To  Mr.  McDonald  I  would  reply  that  it  is  not  stated  in  the  paper 
that  the  design  presented  by  Fig.  i  will  give  better  results  than  that 
shown  by  Fig.  5.  In  fact  this  is  not  considered.  The  comparisons 
drawn  between  the  two  were  simply  confined  to  the  mechanical  fea- 
tures of  the  setting,  such  as  height,  etc.  Mr.  Greene,  however,  in  his 
discussion  intimates  that  r?diation  would  be  so  high  on  account  of  the 
much  greater  exposure  of  the  furnace  walls,  as  to  reduce  efficiency 
in  considerable  measure. 

Mr.  McDonald  states  that  best  practice  favors  that  the  hotter  gases 
be  in  contact  with  that  portion  of  the  tubes  which  contain  the  "hot- 
test" water.  His  argument  appears  to  be  that  the  common  setting 
of  the  Babcock  &  Wilcox  boiler  shown  by  Fig.  2  and  the  design 
Fig.  5,  complies  with  this,  and  such  conclusion  appears  to  be  arrived 
at  by  him  because  the  heat  first  impinges  upon  the  high  end  of  the 
tubes  where  with  boiler  No.  10  it  first  comes  in  contact  with  the  low 
end.  His  reasoning,  however,  is  upon  the  assumption  that  the 
temperature  of  the  water  increases  after  entering  the  tube,  so  that 
at  its  exit  it  is  greater  than  at  the  entrance.  This  is  a  more  or  less 
common  assumption  on  the  part  of  many  people,  based  upon  the 
belief  that  the  water  accumulates  heat  which  is  liberated  in  the  form* 
of  steam  when  the  water  line  surface  in  the  drum  is  reached.  The 
facts,  are,  however,  that  the  temperature  of  the  water  is  that  due  to 
the  pressure  under  which  the  boiler  operates,  and  that  such  temper- 
ature is  uniform  throughout  the  entire  space,  and  instead  of  the  water 
accumulating  heat  to  be  liberated  as  above  indicated,  steam  forms 
immediately  at  the  point  of  heat  application  and  passes  along  with 
the  water  to  the  drum ;  thus  instead  of  the  temperature  of  the  water 
being  increased  by  the  application  of  heat,  a  portion  of  it  is  turned 
into  steam  at  the  moment,  therefore  it  must  necessarily  follow  that 
the  temperature  is  the  same  at  both  the  higher  and  lower  end  of  the 
tubes  and  that  there  is  no  such  condition  as  Mr.  McDonald  believes 
to  exist. 


A  FEW  UNUSUAL  BURN-OUTS  OF  UNDERGROUND  CABLES. 

D.  W.  Roper,  m.w.s.e. 

Presented,  December  13,  I^oj. 

The  average  burn-out  of  underground  cable  possesses  little  indi- 
vidual interest,  and  becomes  interesting  only  when  tabulated  with 
many  other  similar  burn-outs  to  show  the  experience  of  several 
years.  There  are,  however,  occasional  burn-outs  which  in  some 
manner  cause  break  downs  of  other  cables  or  apparatus  that  far 
exceeds  the  damage  due  to  the  original  burn-out.  A  rare  case  of 
this  kind,  notable  for  the  great  damage  done  as  well  as  for  the  very 
complete  mathematical  analysis  which  it  received,  was  described  by 
Mr.  Steinmetz  in  a  paper  read  before  the  A.  I.  E.  E.  in  1905.  The 
arc,  at  the  point  where  the  cable  burned  out,  started  a  surge  that 
caused  internal  strains  in  the  electrical  system,  and  broke  down  a 
number  of  cables  as  well  as  several  of  the  generators  in  the  power 
station. 

There  is  another  class  of  cable  troubles  where  the  arc  at  the  point 
of  break  down,  or  the  current  flowing  to  the  lead  sheath  through 
the  arc,  injures  the  lead  sheath  of  other  cables  at  adjacent  or  distant 
points,  so  that  they  either  break  down,  or  are  rendered  unfit  for  fur- 
ther service.  All  the  cases  to  be  described  in  this  paper'belong  to 
this  class.  It  generally  happens  that  these  cases  which  involved 
more  than  one  cable  are  most  difficult  to  diagnose.  It  is  only  by  a 
careful  comparison  and  analysis  of  all  of  the  facts  and  the  conditions 
existing  at  the  time  that  the  sequence  of  events  can  be  determined. 
After  this  is  done  the  cause,  or  at  least  the  location,  of  the  original 
fault  is  easily  determined.  Such  an  analysis  is  of  value  to  those 
who  install  and  operate  cables,  as  it  demonstrates  what  are  the  vul- 
nerable points  of  the  cable  system,  and  therefore,  shows  what  fea- 
tures of  installation  or  operation  are  to  be  eliminated  and  avoided. 

In  each  of  the  three  cases  to  be  considered,  the  location  of  trouble 
was  rendered  impossible  by  electrical  methods,  as  all  of  the  conduc- 
tors of  the  cable  were  either  entirely  burn  in  two  or  were  grounded ; 
that  is,  there  was  no  good  conductor  which  could  be  utilized  in  a 
loop  test.  In  only  one  of  the  cases,  however,  did  we  have  to  resort 
to  the  "cut  and  try"  method. 

The  first  burn-out  is  the  only  one  of  the  three  to  be  considered 
in  which  the  original  cause  of  the  trouble  is  definitely  known. 
Shortly  before  this  burn-out  occurred,  arrangements  were  being 
made  to  test  one  of  the  high  tension  buses  at  the  Fisk  St.  Station. 
In  doing  so  one  of  the  testing  leads,  consisting  of  about  50  feet  of 
No.  6  wire,  was  accidently  connected  between  one  phase  of  the  live 
high  tension  bus  and  the  ground  bus.  One  phase  of  the  system  was 
thereby  short  circuited  through  this  wire.  The  short  circuit  entirely 
vaporized  the  copper  of  the  testing  lead,  but  did  very  little  other 
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local  damage.  A  few  seconds  later  the  oil  switch  on  line  Xo.  101 
opened,  and  a  test  showed  that  all  three  conductors  of  the  cable  were 
grounded.  The  automatic  devices  on  the  oil  switch  were  slow  to  act, 
so  that  the  interval  between  the  breaking:  down  of  the  cable  and  the 
opening  of  the  switch,  appeared  to  be  about  two  or  three  times  the 
normal  amount ;  that  is,  the  short  circuit  due  to  the  cable  burning 
out  lasted  between  three  and  six  seconds,  instead  of  the  usual  one 
and  one-half  or  two  seconds.  The  following  table  gives  information 
regarding  the  line  and  the  operating  condition  at  the  time  of  the  burn- 
out : 

Total  length  of  line 18,390  ft. 

Distance  from  station  to  point  of  burn-out 4,600  ft. 

Load 9,200  kw. 

Voltage  on  buses  9,100  volts. 

Turbines  in  operation,  1  —  5.000  kw.  and  1 — 8,000  kw  .  . 

Converting  apparatus  in  operation.  .  ., 17,000  kw. 

Converting  apparatus  automatically  disconnected 1 1,500  kw. 

The  operator  at  the  Fisk  Street  Station  reported  afterward  that, 
as  near  as  he  could  recall  from  a  hurried  glance  at  the  instruments, 
the  frequency  dropped  from  25  to  20  cycles  as  a  minimum,  and  the 
voltage  dropped  from  about  9,100  to  a  poipt  between  5,000  and  6,000 
volts. 

After  some  difficulty,  the  burn-out  on  the  cable  was  located  on 
Morgan  street  in  the  conduit  section  south  of  16th  strret.  The  cable 
was  withdrawn  in  two  sections  showing  that  the  location  of  the 
burn-out  was  50  ft.  south  of  the  manhole  at  16th  street.  In  Fig.  1, 
is  shown  about  10  ft.  of  cable  from  each  of  the  two  ends  adjacent  to 
the  burn-out.     It  will  be  noted  that  there  are  several  places  along 
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the  cable  where  the  arc.  in  traveling  ul<  mg  the  duct,  has  burned  holes 
entirely  through  the  lead.  Similar  holes  were  found  up  to  a  distance 
of  about  20  ft.  from  the  ends  of  the  cable.  No  accurate  measure- 
ments were  made  at  the  time  which  would  enable  us  to  determine 
the  distance  between  the  two  ends  of  the  cable  after  the  burn-out, 
but  it  is  estimated  at  about  one  foot  As  soon  as  the  burned  cable 
was  withdrawn,  the  duct  was  rodded  without  difficulty,  and  a  new 
section  of  cable  drawn  into  the  duct,  and  connected  to  the  adjacent 
sections. 

Holes  were  also  found  in  the  lead  sleeves  over  the  cable  joints  in 
adjacent  manholes  where  they  rested  in  iron  brackets  or  shelves. 
There  were  caused  by  the  current  from  the  arc  traveling  along  the 
lead  and  passing  through  these  brackets  to  ground.  This  is  readily 
accounted  for  by  the  fact  that,  at  the  instant  of  break-down,  the 
lead  at  the  point  of  burn-out  may  be  several  thousand  volts  above 
ground  potential.  After  these  holes  were  repaired  and  the  section 
of  cable  south  of  16th  st.  had  been  replaced,  the  line  was  tested  and 
placed  in  service.     The  incident  then  appeared  to  be  closed. 

A  careful  examination  of  the  burned  ends  of  the  cable,  and  a  con- 
sideration of  all  of  the  circumstances  at  the  time  of  the  burn-out, 
especially  the  duration  of  the  arc,  and  the  drop  in  speed  and  voltage 
of  the  turbine  due  to  the  energy  in  the  burn-out,  indicated  that  an 
enormous  amount  of  energy  was  expended  in  the  arc.  As  the  con- 
duit in  which  the  burn-out  took  place  contained  cables  which  carried 
one-third  of  the  total  output  of  the  Fisk  St.  Station,  it  was  decided  to 
dig  up  the  street  at  the  point  of  the  burn-out,  break  away  the  con- 
duit and  tile,  so  as  to  expose  the  interior  of  the  tile  which  enclosed  the 
burned-out  cable  and  ascertain  what  damage,  if  any,  had  resulted  to 
the  conduit  and  the  adjacent  cables.  To  make  this  examination  we 
selected  a  Sunday  morning  ten  days  after  the  burn-out,  at  a  time 
when  the  load  was  so  lisrht  that  the  other  lines  on  the  same  side  of 
the  conduit  could  be  taken  out  of  service.  The  conduit  at  this  point 
contains  twenty-five  ducts,  arranged  as  shown  in  Fig.  2,  which  also 
indicates  the  location  of  the  fifteen,  0.000  volt,  three-conductor  cables 
in  service  at  the  time  of  the  burn-out. 

The  effect  of  the  arc  on  the  conduit  and  cables  as  determined  by 
this  examination  is  indicated  roughly  in  Fig.  3.  The  heavily  shaded 
portion  of  the  ducts  and  the  cable  indicates  the  part  which  was  burned 
away  at  the  point  where  the  most  damage  was  done.  The  appear- 
ance of  the  conduit  and  c?ble  indicated  that  the  arc,  for  a  distance  of 
several  feet  entirely  filled  the  duct,  and  burned  completely  through 
the  tile  in  two  places  on  opposite  sides  of  the  duct,  and  permeated 
into  all  of  the  crevices  of  the  conduit  structure  immediately  adja- 
cent. On  one  side  the  arc  burned  through  the  tile  and  extended 
into  the  concrete  about  two  inches.  It  also  burned  through  the  duct 
at  the  upper  inner  corner  and  then  entering  th.e  triangular  void  left 
between  the  tile  as  indicated,  traveled  along  in  this  space  and  entered 
the  ducts  enclosing  lines  No's.  T02.   to^  and   t  i  i   through  the  joints 
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at  the  ends  of  the  tile.  It  also  burned  entirely  through  the  tile  sur- 
rounding line  No.  102  at  a  point  opposite  the  joint  in  the  duct  enclos- 
ing line  No.  101.  The  cable  of  line  Xo.  103  had  only  a  small  hole  in 
the  lead  sheath  which  was  readily  repaired  by  patching.  The  cables 
of  lines  No's.  102  and  in  were  burned  entirely  through  the  outer 
layer  of  insulation,  and  approximately  half  way  through  the  inner 
layer  of  insulation,  as  shown  by  the  photograph  in  Fig.  1.  These 
two  pieces  of  cable  were  withdrawn  and  replaced  by  new  cable. 
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The  later  style  of  square  tile  with  rounded  corners  leaves  a  much 
smaller  void  in  the  conduit  as  shown  in  Fig.  4.  This  would  probably 
have  reduced  the  injury  to  other  cables  in  adjacent  ducts. 

The  thinness  of  the  tile  immediately  surrounding  the  arc  indicated 
that  the  tile  must  have  been  heated  to  a  temperature  which  vaporized 
the  tile  and  carried  it  away  in  the  currents  of  air.  There  were  no 
signs  of  any  melted  tile  found  in  the  duct.  Although  very  badly 
burned,  the  duct  was  still  in  such  a  condition  that  the  burned  out 
cable  of  line  No.  101  was  readily  withdrawn  and  replaced  by  a  new 
section,  which  was  in  place  at  the  time  that  the  physical  examination 
of  the  conduit  was  made.  The  intense  heat  at  this  point  and  its 
remarkable  effects  on  the  conduit  and  adjoining  cables  suggest  an 
inquiry  into  the  amount  of  energy  expended  in  the  arc. 

The  field  characteristics  of  the  machines  show  that  the  maximum 
output  of  the  two  machines  would  be  about  8500  kw.  per  phase,  or 
approximately  25,000  kw.  total."  This  maximum  output  would  cor- 
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respond  to  about  6000  volts  between  terminals  with  about  five  ohms 
external  resistance  in  each  of  the  three  phases.  We  know  from 
theoretical  considerations  as  well  as  from  the  ocillograph  and  from 
examination  of  machines  that  have  been  suddenly  short  circuited, 
that  the  current  flowing  at  the  instant  of  short  circuit,  would  be 
many  times  that  obtained  by  gradually  reducing  the  resistance  in  the 
armature  circuit  to  zero.     With  the  adjustment  of  the  automatic  ap- 
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paratus  existing  at  that  time,  nearly  two  seconds  would  normally 
elapse  between  the  instant  of  the  break  and  the  instant  of  the  open- 
ing of  the  oil  switch.  The  operators  all  testified  that  the  duration 
of  the  burn-out  was  in  this  case  two  or  three  times  the  usual  period. 
If  the  output  of  the  two  turbine  generators  averaged  25,000  kw.  for 
four  seconds,  this  would  correspond  to  an  output  of  100,000  kw.  sec. 
or  about  29  kw.  hrs.  This  figure  would  be  somewhat  larger,  say 
35  kw.  hrs.  if  proper  allowance  could  be  made  for  the  enormous  cur- 
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rent  at  the  instant  of  the  short  circuit.  As  the  resistance  of  the 
copper  to  the  point  of  the  burn-out  was  about  0.23  ohms.,  and  the 
total  resistance  per  phase  corresponding  to  the  above  output  is  about 
five  ohms,  indicating  that  about  95%  of  the  energy  was  in  the  arc. 

As  a  rough  check  on  this  figure,  we  can  determine  the  loss  of  iner- 
tia of  the  two  turbines  corresponding  to  the  drop  in  speed  from  25  to 
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20  cycles.  The  moment  of  inertia  of  the  larger  turbine  is  about  44 
k\v.  hr.,  and  of  the  smaller  turbine  about  32  kw.  hr.,  or  a  total  of 
76  kw.  hr.  As  the  moment  of  inertia  is  proportional  to  the  square  of 
the  speed,  and  the  loss  of  inertia  corresponding  to  a  drop  from  25 
to  20  cycles  (or  from  full  speed  to  eight-tenths  of  full  speed)  would 
be  thirty-six  per  cent,  of  the  total  or  about  27  kw.  hrs.  The  action 
of  this  additional  load  on  the  turbine  would  cause  the  govenors  to 
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admit  more  steam,  probably  up  to  the  maximum  capacity  of  all  the 
nozzles.  The  steam  opening  at  the  beginning-  of  the  trouble  corres- 
ponded to  the  load  at  that  time,  i.  e.  9200  kw.  At  the  end  of  the 
trouble  the  nozzle  valves  were  probably  admitting  steam  correspond- 
ing to  an  output  of  about  20,000  kw.  If  we  assume  then  the  steam  sup- 
ply averaged  15,000  kw.  for  four  seconds,  the  output  during  this  pe- 
riod would  be  60,000  kw.  sec.  or  17  kw.  hrs.  In  addition  we  know  that 
all  of  the  converting  apparatus  was  suddenly  reduced  in  speed  along 
with  the  turbines,  so  that  they  sent  current  backward  toward  the  sta- 
tion. Assuming  that  this  backward  flow  of  current  from  the  con- 
verting apparatus  was  on  the  average  equal  to  the  rated  capacity  of 
the  apparatus  for  a  period  of  one  second,  this  figure  would  be  18,000 
kw.  sec.  or  5  kw.  hrs.  The  summary  of  the  loss  of  energy  during 
the  period  of  the  burn-out  would  then  be : 

Loss  of  inertia  of  turbines  .  . 27  kw.  hrs. 

Steam  Supply   17  kw.  hrs. 

Backward  flow  from  converting  apparatus 5  kw.  hrs. 

Total    49  kw.  hrs. 

This  figure  is  to  be  compared  with  35  or  40  kw.  hr.  which  was  esti- 
mated as  the  maximum  output  of  the  generators  during  the  period  of 
the  burn-out,  and  agrees  within  the  probable  errors  of  observation. 

We  can  then  assume,  with  a  fair  degree  of  approximation,  that 
the  energy  in  the  arc  averaged  about  20,000  or  25,000  kw.  for  sev- 
eral seconds ;  or  expressed  in  other  units,  the  dissipation  of  heat  was 
between  18,000  and  22,000  B.  t.  u.  per  second  for  a  period  of  several 
seconds. 

If  we  figure  the  weight  of  the  various  portions  of  the  cable  and 
their  specific  heats,  we  will  find  that  energy  in  one  kilowatt  hour  is 
sufficient  to  raise  the  temperature  of  one  foot  of  cable  about  5000  deg. 
C.  This  is  probably  above  the  temperature  of  vaporization  of  lead 
and  copper.  As  the  other  calculations  show  that  approximately  20  or 
30  kw.  hr.  were  dissipated  in  the  arc  it  is  easy  to  understand  why 
several  feet  of  the  cable,  as  well  as  several  pounds  of  clay  tile  entirely 
disappeared.  . 

Xo  pretensions  of  absolute  accuracy  are  made  for  the  above 
figures.  Their  only  object  is  to  determine  roughly  the  rate  of  dissi- 
pation of  energy,  that  is  of  heat,  in  order  to  account  for  the  extent 
of  damage  done  and  to  enable  comparison  with  other  similar  cases. 

'  For  comparison  with  these  figures,  it  might  be  mentioned  that  in 
case  of  the  burn-out  described  by  Mr.  Steinmetz,  as  mentioned  above, 
the  capacity  of  the  generators  connected  to  the  buses  was  about  three 
times  that  of  the  generators  in  this  instance,  and  Mr.  Steinmetz  esti- 
mated the  maximum  energy  in  the  arc  to  be  about  100,000  kw. 

We  can  summarize  regarding  this  burn-out  as  follows: 

The  break  down  was  due  to  a  surge  in  the  system  caused  bv  the 
accidental  short-circuiting  of  one  phase  of  the  system.  About  25,- 
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ooo  kw.  of  energy  was  dissipated  in  the  arc  for  about  four  seconds 
which  generated  sufficient  heat  to  vaporize  a  portion  of  the  enclosing 
duct  and  adjacent  ducts  so  that  the  arc  burned  the  lead  off  of  cables 
in  adjacent  ducts. 

Some  of  the  lessons  from  this  case  are,  the  importance  of  limiting 
the  flow  of  energy  at  the  time  that  a  cable  burns  out,  and  of  building 
conduits  and  protecting  cables  so  as  to  prevent  an  arc  in  one  duct 
from  communicating  to  another. 

The  second  burn-out  to  be  considered  included  500  volt  as  well  as 
9,000  volt  cables  and  was  one  of  the  most  extensive  burn-outs  in  the 
history  of  the  company.  Not  only  was  it  very  difficult  to  find  the 
cause  of  the  burn-out,  and  to  explain  why  such  an  enormous  amount 
of  damage  was  done,  but  locating  the  trouble  itself  for  a  while  baffled 
all  attempts.  It  was  possible  to  solve  the  problem  of  locating  the 
trouble  and  of  accounting  for  the  damage  done  only  by  a  close  study 
and  comparison  of  all  the  events  which  occurred  at  the  time  of  the 
burn-out  and  subsequently.  For  this  reason  and  on  account  of  many 
unusual  circumstances,  these  events  will  be  related  in  considerable 
detail. 

The  switch  on  line  No.  140  opened  automatically  at  6:10  p.  m., 
indicating  the  line  had  burned  out,  followed  25  minutes  later  by  the 
switch  on  line  No.  132.  These  two  lines  and  one  other  similar  9,000 
volt,  three-conductor  cable  extend  in  the  same  conduit  from  our 
Fisk  St.  Station  along  22nd  St.,  23rd  St.,  40th  Ave.  and  the  alley 
south  of  Harrison  St.,  to  45th  Courts  where  two  of  them  enter  a  sub- 
station. The  other  line  continues  westward  for  several  miles  to  a 
sub-station  in  Oak  Park.  A  preliminary  test  showed  that  all  three 
conductors  of  both  of  these  cables  were  grounded.  The  test  also 
developed  the  further  alarming  symptom  that  the  cables  were  appar- 
ently crossed  with  a  500  volt  circuit.  These  two  9,000  volt  lines 
which  burned  out  are  entirely  underground,  and  the  only  place  where 
there  is  a  500  volt  cable  in  the  same  conduit  with  them  is  on  40th  Ave., 
between  the  alley  south  of  Harrison  St.  and  21st  St.  The  500  volt 
cable  extends  between  the  the  Metropolitan  W.  S.  elevated  railway 
structures  at  these  two  locations.  For  about  half  of  this  distance 
there  are  two  separate  conduits  entering  the  same  set  of  manholes. 
The  500  volt  cable  is  in  this  portion  trained  on  the  opposite  side  of 
the  manholes  from  the  9,000  volt  cables ;  for  the  remaining  distance, 
or  about  one  mile,  the  cables  are  in  the  same  conduit,  and  were 
trained  on  the  same  side  of  all  the  manholes  as  the  burned  out  9,000 
volt  cables.  Fig.  5  shows  the  arrangement  of  ducts  and  cables  in 
this  conduit.  Each  manhole  along  this  portion  of  the  route  was 
opened  and  carefully  examined.  The  500  volt  cable  was  taken  out 
of  service  during  this  period.  Absolutely  no  indication  of  the 
trouble  was  found  in  any  of  the  manholes,  and  as  the  cables  were 
not  adjacent  to  a  500  volt  circuit  in  any  other  portion  of  their  course, 
except  in  the  railway  sub-stations  themselves,  the  searching  party 
retired  shortly  after  midnight  in  a  very  puzzled  frame  of  mind.     The 
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500  volt  cable  was  again  placed  in  service  and  so  remained  till  the 
middle  of  the  following-  afternoon. 

Next  morning  another  party  started  to  go  out  over  the  rest  of 
the  line  and  see  if  any  signs  of  trouble  could  be  located.  At  this 
time  another  test  failed  to  indicate  any  cross  with  the  500  vole  circuit. 
One  of  the  lines  was  about  ten  miles  long  and  the  other  seven  miles  so 
that  it  did  not  appear  desirable  to  begin  trying  to  locate  the  trouble 
by  the  "cut  and  try,"    method    until    all    other    means    had    been 
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exhausted.  It  was  reported  that  a  manhole  cover  had  been  blown 
off"  by  an  explosion  on  40th  Ave.,  south  of  16th  St.  The  men  sent 
out  to  replace  the  cover  found  a  stream  of  water  running  into  the 
manhole  from  one  of  the  ducts.  This  manhole  had  been  opened  be- 
tween it  :oo  and  12  :co  the  previous  evening  and  the  cover  carefully 
replaced.  A  woman  living  in  a  building  opposite  this  manhole  re- 
ported hearing  a  gang  of  men  working  in  the  street  late  the  previous 
night  and  of  hearing  an  explosion  at  the  same  place  some  time  after- 
ward in  the  middle  of  the  night.  Our  men  also  found  that  the  500 
volt  cable  in  this  manhole  as  well  as  in  the  next  manhole  north  was 
quite  warm.  By  cutting  one  of  the  cables  in  this  manhole  and  in  the 
next  manhole  towards  Fisk  Street,  which  was  at  18th  Street  and 
40th  Ave.  it  was  found  that  the  trouble  was  between  these  two 
points.  On  attempting  to  pull  out  the  cable  through  the  manhole  at 
the  alley  south  of  16th  Street  we  secured  a  piece  only  50  ft.  loner. 
The  distance  between  these  two  manholes  was  about  500  ft.     We 
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then  attempted  to  pull  the  remainder  of  the  cable  from  manhole 
at  1 8th  Street  and  secured  a  piece  about  200  ft.  long.  This  left 
about  250  ft.  of  cable  in  the  ground.  As  the  ends  of  the  pieces 
removed  were  very  badly  burned,  and  as  the  only  possible  way  of 
removing  the  250  ft.  of  cable  still  in  the  duct  was  to  dig  up  the  con- 
duit and  secure  the  two  ends,  we  immediately  started  two  test  pits 
about  10  ft.  long  at  each  end  of  the  piece  of  cable  which  remained 
in  the  ground.  The  temperature  at  this  time  was  ranging  between 
10  and  15  degrees .  Fahrenheit,  so  that  the  ground  was  frozen 
solidly  to  a  depth  of  about  eighteen  inches.  This  made  the  work  of 
excavation  very  difficult,  but  the  gang  digging  the  hole  to  the  north 
found  that  the  ground  was  not  frozen  quite  as  deeply  as  at  the  point 
to  the  south.  As  they  proceeded  deeper  they  found  that  the  earth 
was  steaming  when  exposed,  and  later  they  threw  out  dirt  which 
was  at  a  temperature  considerably  above  blood  heat.  The  opening 
to  the  north  also  exposed  a  broken  water  service,  which  accounted 
for  the  water  running  into  the  manhole  50  ft.  north  of  this  point. 

An  examination  of  the  injured  cables  showed  that  they  were  in 
a  number  of  pieces  in  this  distance  of  250  ft.,  so  that  it  was  im- 
possible to  clean  out  the  ducts  without  removing  them.  The  duct 
marked  "A"  in  Fig.  5  was  filled  with  lamp  black,  so  that  it  would 
have  been  very  dijcult,  if  not  impossible,  to  clean  it  out.  This  lamp 
black  was  probably  caused  by  vaporization  of  the  resinous  com- 
pound in  the  burning  cables,  which,  passing  through  the  joints  be- 
tween ducts,  deposited  in  the  cooler  adjacent  duct.  This  duct,  there- 
fore, had  to  be  removed,  and  the  duct  above  it  was  broken  out  in 
doing  this. 

For  a  distance  of  about  10  ft.  adjace'nt  to  the  broken  water  serv- 
ice, the  duct  marked  "A"  was  filled  with  a  substance  resembling 
sealing  wax.  in  which  was  found  occasional  pieces  of  concrete.  The 
bottom  of  this  duct,  as  also  the  one  surrounding  the  500  volt  cable 
was  melted  out  and  the  melted  tile  had  penetrated  into  the  concrete 
and  badly  burned  it  for  about  half  of  its  depth.  The  duct  "A"  also 
was  filled  with  the  melted  tile  to  a  depth  of  two  inches  for  about 
ten  feet  in  length.  The  temperature  of  this  material  was  so  high  that 
it  injured  the  walls  of  the  duct  marked  "A,"  and  also  of  the  duct 
enclosing  line  No.  120,  so  that  this  latter  duct  fell  away  in  places 
when  duct  "A"  was  removed.  In  so  doing  it  exposed  the  cable  of 
line  No.  120.  As  this  line  was  in  service,  and  was  the  only  re- 
maining line  to  feed  the  Metropolitan  L.  Substation  at  45th  Court, 
we  were  a  little  anxious  about  its  condition.  A  little  careful  ♦prob- 
ing with  a  stick  through  the  opening  in  the  tile  showed  that  the  lead 
had  been  burned  off  of  this  cable  on  the  side  towards  the  injured 
ducts  for  a  distance  of  about  two  or  three  feet,  the  maximum  width 
of  the  opening  being  about  0.5  inch.  All  of  the  ducts  except  the 
one  enclosing  this  line  had  now  been  broken  out  for  a  distance  rang- 
ing from  two  or  three  feet  up  to  250  ft.  and  there  remained  no  com- 
duct  in  which  a  cable  could  be  installed.     It  was,  therefore, 
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necessary  to  shut  down  for  about  four  hours  the  sub-station  fed  by 
this  line,  so  that  another  cable  could  be  installed  in  an  adjacent  duct. 
After  this  was  done,  split  tile  was  placed  around  the  cable  where 
the  duct  had  been  broken  out  and  the  work  of  replacing  the  rest 
of  the  conduit  proceeded. 

After  the  500  volt  cable  in  this  block  was  disconnected  from  the 
rest  of  the  cable  it  was  found  that  the  portion  toward  the  north 
showed  signs  of  a  ground.  This  did  not  appear  to  be  a  metallic 
ground  but  when  the  insulation  was  tested  in  the  ordinary  manner 
with  500  volt  current  and  a  bank  of  five  lamps  in  series,  the  re- 
sistance was  sufficiently  low  to  allow  the  lamps  to  burn  nearly  to 
full  candle  power.  The  trouble  was  finally  located  in  the  block  of 
conduit  extending  from  the  alley  north  of  12th  Stret  to  the  alley 
south  of  12  Street.  In  withdrawing  this  piece  of  cable  from 
the  duct  it  was  found  that  the  lead  sheath  for  a  distance  of  about. 
100  ft.  in  the  middle  of  the  length,  was  eaten  through  in  rings 
around  the  cable  located  18  inches  apart.  The  tile  which  are 
used  in  this  conduit  are  18  inches  long,  so  that  these'  rings  where 
the  lead  sheath  of  the  cable  were  eaten  away  were  undoubtedly  at 
points  opposite  the  joints  in  the  tile.  The  condition  of  this  cable 
in  this  injured  portion  showed  that  the  conduit  in  the  middle  of  the 
section  between  the  manholes  was  lower  than  the  rest  and  was  full 
of  water.  The  cause  of  the  trouble  at  this  point  will  be  more 
apparent  when  the  cause  and  nature  of  the  trouble  at  the  burn-out 
north  of  18th  St.  is  examined  in  detail. 

What  probably  happened  is  as  follows :  The  500  volt  cable 
broke  down  at  a  point  about  200  ft.  north  of  18th  St.  The  exact 
cause  of  the  break  down  of  this  cable  in  the  conduit  is  not  known, 
but  other  similar  cables  have  broken  down  without  apparent  cause 
so  that  it  is  not  an  unreasonable  supposition  in  this  case.  As  indi- 
cated in  Fig.  6  the  lead  sheath  of  this  cable  was  not  connected  to  the 
lead  sheath  of  the  other  cable  at  any  point  south  of  the  burn-out,  and 
there  was  an  insulating  joint  in  the  lead  sheath  of  cable  at  the  point 
where  it  extended  up  through  an  iron  pipe  to  the  third  rail  on  the  ele- 
vated structure.  The  potential  of  the  elevated  structure  at  21st  St. 
was.  at  times,  about  50  volts  above  that  at  Harrison  St..  and  the 
insulating  joint  was  installed  to  prevent  the  lead  sheath  of  this  cable 
acting  as  a  negative  return  to  the  railway  current.  The  lead  sheath 
of  this  cable  was.  however,  connected  to  the  lead  sheath  of  the  ^000 
volt  cables  at  the  alley  south  of  Harrison  St..  and  these  latter  were 
again  connected  to  each  other  and  to  the  elevated  structure  at  a 
l>oint  oposite  the  sub-station  near  46th  Ave.  The  current  from  the 
burn-out,  therefore,  in  order  to  complete  the  circuit  had  to  travel 
north  along  the  lead  sheath  of  the  500  volt  cable  on  40th  Ave. 
to  the  alley  south  of  Harrison  St..  and  then  divided  among  the  lead 
sheaths  of  the  three  qooo  volt  cables,  extending  to  45th  Court,  and 
there  through  a  Xo.  00  wire  to  the  elevated  structure.  The  total 
resistance  of  this  return  circuit  was  about  0.7  ohms,  so  that  if  there 
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was  no  resistance  in  the  arc  at  the  point  of  burn-out,  the  maximum 
total  current  would  be  about  800  amperes.  There  was  probably  at  all 
times  a  resistance  of  several  ohms  in  the  arc  itself,  so  that  the  cur- 
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rent  which  returned  through  the  lead  sheath  over  the  path  indicated 
was  probably  never  more  than  two  or  three  hundred  amperes.  This 
is  further  corroborated  by  an  examination  of  a  No.  00  ground  wire, 
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which  showed  no  signs  whatever  of  any  overheating.  The  small 
possible  value  of  the  current  also  accounts  for  the  circuit  breaker 
at  the  sub-station  remaining  closed  throughout  the  trouble. 

There  was  a  burn  in  the  conduit  a  few  fet  north  of  the  extreme 
south  end  of  the  burned  cable.  The  places  where  the  conduit  showed 
evidence  of  greatest  heat  were  two  in  number,  one  being  the  one 
above  mentioned  where  the  tile  was  melted  near  the  north  end  of 
the  burnt  section  of  conduit,  and  the  other  for  a  short  distance  near 
the  south  end  of  the  burnt  conduit.  In  the  former  case  there  was  a 
lead  water  service  pipe  embedded  in  the  conduit  structure,  and  the 
current  from  the  burn-out  must  have  returned  to  the  negative  bus 
at  the  sub-station  through  this  water  service  pipe.  The  higher  tem- 
perature at  these  two  points  was  undoubtedly  due  to  the  large  amount 
of  current  returning  to  the  negative  bus  at  the  sub-station  through 
these  water  service  pipes.  This  path,  being  a  considerable  lower  re- 
sistance than  the  other  one,  allowed  a  greater  amount  of  current  to 
flow  and  caused  a  more  severe  burning  than  in  the  portions  where 
it  did  not  reach  the  water  pipes.  The  indications  are  that  the  cur- 
rent did  not  return  through  these  pipes,  except  when  the  arc  from 
the  injured  cable  was  in  the  immediate  vicinity. 

The  explosion  which  blew  off  the  manhole  cover  at  the  allev  south 
of  16th  St..  and  which  was  heard  by  the  woman  in  the  adjoining 
house,  was  undoubtedly  caused  by  the  water  from  the  injured 
water  pipe  near  the  north  end  of  the  conduit  coming  into  contact  with 
the  molten  metal  and  tile. 

If  we  assume  that  a  current  of  200  amperes  was  flowing  in  the 
return  circuit  through  the  lead  sheaths  of  the  cables,  this  would  cor- 
respond to  about  400  volts  drop  in  the  arc,  and  the  lead  sheath  of  the 
cable  at  12th  St.  would  then  be  about  40  volts  above  that  of  the  nega- 
tive bus.  The  conditions  at  12th  St.  are  shown  in  Fig.  7.  There  is 
a  catch  basin  adjacent  to  the  conduit  south  of  the  .intersection  at  12th 
St.  and  a  water  shut-off  just  north  of  the  intersection.  Both  of  these 
were  partially  filled  with  water.  The  deep  conduit  at  this  point  was 
due  to  obstructions  which  were  found  in  the  street  at  the  intersection 
and  the  water  probably  leaked  into  the  conduit  from  the  catch 
basin  and  from  the  water  shut  off.  As  the  lead  sheath  of  this  cable 
was  approximately  40  volts  above  the  adjacent  street  car  rails  the 
current  left  the  sheath  at  the  points  onoosite  the  joints  in  the  tile, 
and  then  traveled  through  the  dirty  water  in  the  ducts  and  concrete 
and  through  the  moist  adjacent  earth  to  the  street  car  rails.  The  re- 
sistance of  this  return  circuit  had  probablv  been  somewhat  lowered 
by  the  practice  of  the  street  car  employees  in  salting  the  rails  at  the 
intersections  rnd  crossings.  The  rinjs  around  the  lead  sheath  cable 
where  the  lead  was  missing  were,  therefore,  caused  by  a  very  violent 
electrolysis  of  the  lead  due  to  the  action  of  the  current  from  the 
burn-out  leaving  the  lead  sheath  at  these  point-. 

In  order  to  corroborate  this  theory  as  well  as  to  determine  the  con- 
dition of  the  other  cables  in  the  same  conduit,  the  0000  volt  cables 
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were  disconnected,  one  at  a  time  in  this  block,  and  drawn  slowly 
through  the  manhole  into  the  next  section  of  conduit.  Upon  examin- 
ing the  cable  as  it  passed  through  the  manhole  similar  indications  of 
electrolysis  were  found  on  these  two  cables,  especially  on  the  two 
which  were  in  the  ducts  adjacent  to  the  500  volt  cable.  The  lead  had 
not  been  eaten  to  an  extent  which  warranted  the  replacing  of  any  of 
these  sections,  and  the  sections  of  cable  were  drawn  back  into  their 
proper  positions  and  reconnected.  These  pieces  of  cable  are  still 
in  service. 
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The  500  volt  cable  referred  to  was  a  concentric  cable  similar  to 
that  which  is  used  for  low  tension  feeders,  each  of  the  conductors 
being  of  1,000,000  c.  m.  cross-section.  For  a  considerable  distance 
in  the  section  where  the  cables  were  burned,  it  was  found  that  the 
outer  conductor  of  the  lead  had  entirely  burned  off,  or  so  badly 
burned,  that  it  dropped  away  leaving  the  inner  conductor  bare,  but 
uninjured.  There  was  a  total  of  about  eleven  tons  of  junk  and 
lead  removed  from  the  conduits  in  the  two  locations,  of  which  less 
than  two  tons  was  in  condition  so  th«  t  it  could  be  used  again  in  other 
places. 

The  first  indication  of  the  third  series  of  burn-outs  occurred  at 
10:31  p.  m.,  when  the  switch  on  line  No.  128  opened  automatically 
at  the  Fisk  St.  Station.  About  50  minutes  later,  or  at  1 1 :20  p.  m. 
line  No.  133  opened  automatically;  at  the  same  time  considerable 
oil  was  thrown  violently  out  of  the  oil  switch,  injuring  the  insulators 
Liid  doors.  This  was  followed  six  minutes  later  by  the  opening  of 
line  No.  164.  Two  other  cables  on  the  same  side  of  the  tunnel  broke 
down  under  a  high  tension  test  shortly  afterward. 
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The  trouble  was  located  with  comparatively  little  difficulty  in  the 
east  side  of  the  Quarry  St.  tunnel.  This  tunnel  extends 'from  a 
point  adjacent  to  the  Fisk  St.  Station  under  the  south  branch  of  the 
river  to  a  point  near  the  north  end  of  Quarry  St. 

On  account  of  some  changes  in  progress  at  the  time  we  had  suffi- 
ceit  spare  cable  on  the  other  side  of  the  tunnel,  so  that  all  of  the 


Fiff.  8 


important  lines  could  be  temporarily  transferred  to  these  spare 
cables.  The  tunnel  was  then  pumped  out.  and  the  conditions  as 
shown  in  Fig.  8  were  found.  In  addition  to  the  burn-outs  shown 
on  this  picture,  line  No.  128  was  found  to  be  burned  nearly  in  two  at 
a  point  in  the  tunnel  about  120  ft.  from  the  north  shaft. 

A  careful  investigation  and  comparison  of  all  of  the  .facts  in  the 
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case  show  that  the  sequence  of  events  was  as  follows:  Line  No. 
128  burned  out  in  the  conduit  in  the  tunnel;  two  of  the  conductors 
burning  entirely  in  two.  The  current  from  the  arc  traveling  along 
the  lead  sheath  of  the  cable  to  the  bottom  of  the  south  shaft  burned 
the  lead  of  this  cable,  and  also  of  the  cable  of  line  Xo.  164  where 
one  cable  laid  across  the  other.  The  current  was  sufficient  to  melt 
the  lead  off  of  both  cables  so  that  there  was  no  longer  any  metallic 
contact,  and  then  continued  to  arc  across  the  gap  between  the  lead 
sheaths  of  the  two  cables.  The  action  of  this  arc,  which  was  35  .ft. 
under  water,  was  similar  to  an  explosion  of  dynamite.  The  gases  gen- 
erated by  the  arc  had  sufficient  pressure  to  drive  the  water  back  in  all 
directions  to  a  sufficient  distance  so  that  the  arc  burned  holes  in  the 
lead  sheath  of  adjacent  cables.  All  of  this  took  place  in  about  2  sec- 
ons  or  less.  The  water  gradually  penetrated  the  paper  insulation  of 
line  Xo.  133  so  that  after  50  minutes  the  cable  broke  down.  All  three 
conductors-,  as  well  as  the  lead,  were  burned  entirely  in  two.  with  a 
clear  gap  of  about  3  inches.  In  a  few  minutes  line  Xo.  164  broke 
down  in  a  similar  manner,  but  the  arc  was  between  a  single  conduc- 
tor and  ground. 

The  burn-out  of  line  Xo.  133  was  about  as  severe  as  any  that  we 
have  had.  judging  by  the  action  of  the  oil  switch.  The  hole  burned 
in  Xo.  164  is  about  as  small  as  we  ever  find.  The  principal  difference 
is,  that  the  burn  in  one  started  in  such  a  manner  that  it  immediately 
short-circuited  all  three  phases,  while  the  arc  in  the  other  was  between 
onlv  one  conductor  and  ground. 


Fie.  9 


Two  other  cables  Xos.  141  and  155  broke  down  under  test,  made 
a  few  hours  after  the  trouble,  and  line  Xo.  163  had  a  small  hole  in 
the  lead  which  was  not  discovered  until  the  tunnel  was  pumped  out. 
Another  view  of  the  pieces  of  burned  cable  from  this  burn-out  are 
shown  in  Fig.  9. 

It  was  not  intended  at  the  time  that  cables  were  installed  to  put 
them  in  service  in  the  condition  shown  by  Fig.  8,  but  owing  to  the 
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Fig.  10 
This  experience  would  indicate  that  water  is  of  no  particular  value 
in  protecting  cables  from  each  other,  and 'that  cables  installed  under 
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breaking  of  a  City  water  main  in  the  vicinity,  together  with  the 
failure  of  the  pump  used  in  removing  the  water  from  the  tunnel  about 
the  same  time,  the  cables  were  placed  in  service  so  as  not  to  interfere 
with  other  work  in  the  vicinity. 
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The  cause  of  the  original  burn-out  on  line  No.  128  cannot  be  def- 
initely determined.  It  may  have  been  due  to  some  fault  in  the  insu- 
lation, or  some  fine  crack  or  hole  in  the  lead  sheath  allowing  the  water 
to  slowly  penetrate  the  paper  insulation,  or  to  injury  to  the  lead 
sheath  during  installation.  The  cable  had  been  in  service  about  ten 
days  when  it  broke  down,  during  which  time  it  had  been  under  water 
for  two  days. 
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water  should  have  the  same  protection  as  if  the  water  was  not  pres- 
ent. 

In  Fig.  10  is  shown  the  same  cables  covered  with  split  tile,  after 
the  repairs  were  completed. 

After  this  long  description  of  burn-outs  on  cables,  most  of  which 
have  been  9000  volt — 3-phase  transmission  lines,  it  might  appear 
that  the  distribution  of  electrical  energy  in  this  manner  is  unsafe, 
dangerous  and  unreliable. 

But  Fig.  11,  showing  the  experience  of  the  Commonwealth  Edison 
Comapny  over  a  period  of  five  years,  demonstrates  however,  that 
this  is  not  the  case.  It  will  be  noticed  that  the  number  of  burn-outs 
per  100  miles  of  cable  has  decreased  continuously  year  by  year  with 
the  exception  of  the  present  year,  and  that  if  the  burn-outs  which 
have  been  caused  by  external  injury  of  the  lead  sheath  be  eliminated, 
the  condition  has  been  constantly  improving.  It  is  believed  that 
these  records  will  compare  favorably  with  the  records  of  any  other 
Company  on  similar  cables  and  under  similar  conditions.  With 
the  added  information  regarding  the  causes  of  burn-outs  we  are 
confident  that  we  can  adopt  such  measures  as  will  largely  reduce  the 
troubles  from  similar  external  causes  in  the  future,  and  thus  to  be 
able  to  again  turn  the  curve  of  total  burn-outs  in  a  downward  direc- 
tion. 

It  is  particularly  gratifying  to  me,  to  be  able  to  state  in  this  con- 
nection that  during  the  period  of  about  five  years  that  this  Company 
has  been  transmitting  energy  throueh  underground  cables  by  means 
of  9000  volt,  3-phase  currents,  there  has  been  but  one  failure  of  a 
high  tension  cable  joint  while  in  service ;  and  this  joint  was  installed 
in  a  manhole  in  a  railroad  subway,  so  that  the  joint  was  contin- 
uously under  water.  It  is  believed  that  this  record  in  high  tension 
cable  splicing  is  not  equalled,  nor  even  approached,  by  that  of  any 
other  Company  installing  high  tension  underground  cables. 

DISCUSSION. 

Mr.  K.  B.  Miller,  m.w.s.e.  Underground  cables,  whether  for 
telephone,  telegraph,  electric  light,  or  whatever  purpose,  are  all  in 
some  measure  subject  to  the  hazard  of  burn-outs.  It  is  true  that  the 
signal  cables  do  not  carry  sufficient  current  to  make  them  a  source  of 
danger  in  themselves,  but  unfortunately  sometimes  those  cables  get 
mixed  up  with  others,  and  may  be  called  upon  it  such  instances  to 
carry  very  high  current,  and  thus  be  subjected  to  the  same  dangers 
as  the  other  cables. 

President  Abbott:  The  work  described  by  Mr.  Roper  is  one  which 
has  attracted  a  great  deal  of  interest  among  the  engineers  of  the 
Commonwealth  Edison  Co.  A  few  years  ago  it  was  considered  good 
engineering  to  build  a  conduit  line  containing  as  many  as  24  ducts 
in  one  structure.  We  occasionally  worked  with  the  telephone  com- 
pany in  constructing  conduit  lines,  and  they  also  considered  it  good 
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engineering  to  have  their  conduits  laid  adjoining  ours.  After  a  time 
their  engineers  objected  to  that  sort  of  joint  construction  and  in- 
sisted upon  a  wall  of  concrete  between  their  ducts  and  ours.  There 
was  considerable  discussion  among  ourselves  on  the  necessity  of  such 
dividing  walls  and  on  the  necessity  of  installing  conduit  in  several 
parallel  streets  so  as  to  reduce  the  percentage  of  total  cable  in  any  one 
conduit  line.  But  the  first  two  burn-outs  which  Mr.  Roper  has  de- 
scribed, occurring  in  short  succession,  emphasized  the  fact  that  a 
conduit  line  containing  any  number  of  9000  volt  cables  was  liable  to 
be  totally  destroyed  and  every  cable  and  duct  put  out  of  service  by 
the  failure  of  a  single  one.  Profiting  by  this  we  have  naturally 
changed  our  plan  of  constructing  large  conduit  lines,  and  now  we  are 
cutting  them  up  into  smaller  sections,  putting  some  of  the  lines  on 
one  side  of  the  street  and  some  on  the  other,  and  where  that  is  not 
possible,  separating  them  with  a  wall. 

The  vaporization  of  tile  was  also  a  matter  of  great  surprise  to  us. 
These  tile,  as  you  know,  are  made  of  fire  clay  and  are  supposed  to  be 
about  as  fire  resisting  as  any  commercial  article.  After  these  fail- 
ures of  the  conduit  lines,  I  referred  the  matter  to  a  geologist  and 
asked  him  if  the  clay  was  of  poor  quality  and  he  replied,  (as  we 
might  have  expected),  that  no  clay  would  withstand  temperature 
such  as  this  was  subjected  to — possibly  above  5000  deg.  F.,  most 
fire  clay  melting  down  at  a  temperature  of  3000  or  perhaps  3500 
deg.  F. 

Another  lesson  which  might  be  drawn  from  these  failures  is 
that  the  joints  between  the  tile  should  be  so  broken  and  so  made 
that  there  would  be  less  possibility  of  the  gases  from  one  duct  escap- 
ing into  an  adjoining  duct,  and  even  when  they  are  so  made  an  arc 
on  a  line  in  one  duct  may  break  through  to  another  duct  by  melting 
the  intervening  walls.  Furthermore,  the  greatest  danger  in  such  a 
conduit  line  does  not  necessarily  exist  in  high  tension  lines,  but  pos- 
sibly in  a  line  of  much  lower  voltage  but  of  high  current,  such  as 
the  railway  cable,  which  was  the  cause  of  one  of  the  failures  men- 
tioned. 

With  all  of  our  troubles,  T  think  we  have  reason  to  congratulate 
ourselves  upon  the  remarkable  freedom  which  we  have  had  from 
failures  of  the  joints  in  our  9000  volt  lines.  There  are  about  260 
miles  of  9000  volt  lines,  averaging  a  joint  every  400  feet.  These 
joints  are  made  up  by  men  on  the  street  where  it  is  impossible  to 
exercise  close  supervision ;  they  are  often  made  in  a  hurry,  some- 
times in  stormy  weather,  and  sometimes  in  crowded  streets,  where 
careful  work  is  difficult  to  secure,  yet  so  careful  and  conscientious 
have  these  jointers  been  in  their  work  that  our  freedom  from  break- 
downs in  the  joints  has  been  as  great,  I  might  say,  as  though  the 
work  has  been  done  in  a  laboratory. 

Mr.  P.  Junkersfeld,  m.w.s.e.  This  paper  is  of  particular  inter- 
est, and  some  of  the  features  have  already  been  thoroughly  empha- 
sized in  discussion. 
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There  are,  however,  three  points  that  can  possibly  stand  a  little 
further  elaboration.  One  is  the  great  importance,  in  these  large  sys- 
tems, of  getting  several  different  routes  for  cables.  Here  in  Chicago 
we  have  been  fortunate  in  working  under  conditions  where  it  was 
usually  possible  to  get  conduit  routes  over  different  streets  or,  in  the 
worst  event,  two  or  more  routes  in  one  street,  but  in  some  of  the 
other  large  cities  this  has  been  impossible.  Multiplicity  of  conduit  or 
subways  always  brings  up  a  commercial  consideration,  but  when  we 
analyze  the  paper  we  find  that,  after  all.  the  total  number  gf  burn- 
outs is  very  few  indeed.  As  w:as  shown  in  the  last  chart,  the  num- 
ber has  decreased  at  a  rapid  rate,  so  that  it  is  not  as  large  a  matter  as 
one  might  think,  when  one  considers  that  this  system  has  something 
like  270  miles  of  cable  in  service. 

The  second  point  is  the  very  unusual  record  which  has  been  ob- 
tained in  the  success  writh  joints,  is  due,  first,  to  proper  methods ; 
second,  to  suitable  insulating  materials,  and  third,  to  careful  work- 
manship. 

The  third  point  is  the  isolation  of  cables  in  manholes.  Two  of  the 
three  serious  cases  mentioned  in  the  paper  occurred  in  the  conduit 
itself.  The  third  case  occurred  during  the  construction  period  and 
before  it  was  possible  to  isolate  the  cable.  Isolation  is  carried  out 
through  the  entire  length  of  the  cable,  beginning  at  the  generating 
station,  in  every  manhole,  and  ending  with  the  terminal  bell  in  the 
sub-station.  Experience  has  demonstrated  that  this  is  particularly 
important  and  should  be  done  promptly  and  effectively. 

In  this  connection  we  have  with  us  this  evening  a  man  who  was 
associated  with  me  some  six  years  ago,  and  who  was  one  of  the  earli- 
est advocates  of  what  we  then  called  isolation  of  cables.  He  at 
that  time  devised  a  form  of  split  tile  for  this  purpose.  We  would 
like  to  hear  his  views  on  the  subject.     I  refer  to  Mr.  E.  N.  Lake. 

Mr.  E.  N.  Lake,  m.w.s.e.  I  do  not  believe  I  can  add  anything  to 
this  discussion  that  will  be  nearly  as  interesting  as  what  we  have  al- 
ready heard. 

One  point  in  connection  with  the  chart  shown  on  the  screen  which 
impressed  me  was  the  extraordinary  record.  I  believe  the  length  of 
the  cable  system  is  about  260  miles,  and  that  the  joints  occur  about 
every  400  feet,  and  if,  out  of  that  number  of  joints,  there  have  been 
only  four  or  five  burn-outs  per  year,  it  indicates  three  very  important 
facts  in  connection  with  the  construction, — first,  good  material  in 
the  insulation  of  the  cables :  second,  very  careful  installation  of  the 
cables  ;  third,  very  careful  work  in  connection  with  the  jointing. 

I  think  that  the  company,  which  the  speaker  of  the  evening  repre- 
sents, deserves  a  great  deal  of  credit  for  its  high  class  construction, 
and  for  the  record  it  has  shown. 

Mr.  R.  F.  Schuchardt,  m.w.s.e.  This  paper  which  Mr.  Roper  has 
given  us  is  certainly  interesting.  It  is  especially  interesting  to  engi- 
neers connected  with  central  stations  in  large  cities.  The  results  of 
such  studies  determine  largely  the  engineering  policy  of  the  com- 
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panies  and  thus  mark  the  steps  of  progress  in  the  development  of 
central  station  systems.  Some  of  these  steps  have  already  been 
pointed  out  in  the  discussion. 

The  author  has  described  three  cases  of  trouble  and  has  shown  us 
some  of  the  effects.  Another  place  in  which  the  effect  is  felt  with 
varying  severity  is  the  sub-station  to  which  the  cable  connects.  When 
a  short  circuit  occurs  in  a  cable  and  lasts  for  several  seconds  it  gen- 
erally means  that  a  good  deal  of  the  synchronous  apparatus  running 
on  the  system  at  that  time  is  disturbed.  The  natural  question  arises, 
"how  are  the  station  and  sub-station  protected  against  the  effects  of 
such  troubles  ?"  The  first  condition  necessary  is,  of  course,  to  dis- 
connect the  cable  from  the  system  the  moment  a  fault  develops — and 
for  this  purpose  overload  relays  at  the  station  and  reverse  current 
relays  at  the  sub-station  are  used.  At  the  beginning,  the  overload 
relays  were  of  the  ordinary  plunger  type,  and  their  use  generally 
resulted  in  cutting  off  half  a  dozen  lines,  more  or  less,  every  time  the 
system  was  disturbed.  A  relay  with  a  fixed  time  element  was  tried 
for  a  time  but  did  not  give  the  desired  results.  The  type  most  gen- 
erally used  at  present  has  an  inverse  time  element  attachment  in  the 
form  of  a  bellows  and  an  intelligent  use  of  this  relay  will  generally 
prevent  the  opening  of  switches  other  than  those  of  the  affected  line. 
Breakdowns  happen  comparatively  seldom  so  it  is  necessary  to  study 
all  cases  closely  as  these  are  our  only  opportunities  to  find  out  any- 
thing about  the  effectiveness  of  the  protective  devices  installed. 

In  the  first  case  the  author  tells  about,  we  discovered  a  certain 
weakness  in  some  of  the  protective  devices  we  had  installed,  and 
we  immediately  proceeded  to  correct  that  weakness.  Occasionally, 
however,  there  are  so  many  attendant  conditions  which  cannot  be 
clearly  defined  and  which  may  have  had  considerable  influence  in  the 
result  that  we  are  in  doubt  as  to  what  action  really  took  place. 

In  the  last  case  of  trouble,  the  one  in  the  Quarry  Street  tunnel,  line 
No.  133  broke  down  on  all  three  phases,  which  indicated  that  the 
protective  device  did  not  open  the  oil  switch  very  promptly.  Gen- 
erally when  the  "short"  holds  on  for  several  seconds,  when  the  pro- 
tective device  does  not  operate  promptly,  the  breakdown  which  usu- 
ally starts  between  one  phase  and  ground  is  communicated  to  the 
other  phases  and  is  then,  of  course,  much  more  violent.  The  cause 
of  the  tardy  action  of  this  relay  was  found,  with  the  result  that  all 
the  relays  are  being  improved  so  as  to  eliminate  the  defect. 

Thus  we  see  "failures"  are  means  to  success,  for  the  failures 
bring  about  the  results  which  mark  the  stepping  stones  in  the  pro- 
gressive development  of  central  station  system. 

Mr  Miller:  I  would  ask  Mr.  Roper  what  are  the  most  common 
causes  of  external  injuries  which  cause  burn-outs  in  power  work? 

Mr.  Roper:  We  have  had  several  cases  where  a  pick  was  driven 
into  our  cables.  In  another  case  a  lead  pipe  thief, cut  into  a  cable 
with  a  chisel.  Other  cases  have  occurred  where  the  cable  was  in- 
jured by  other  burn-outs.     For  instance,  take  the  case  at  16th  and 
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Morgan  Streets;  the  current  at  the  time  of  the  breakdown,  as  men- 
tioned, traveled  along  the  lead  sheath  and  then  to  ground  in  adja- 
cent manholes.  I  think  that  in  the  past  two  years  we  have  had  more 
trouble  from  that,  than  from  any  other  single  cause,  that  is,  the  cur- 
rent in  the  arc  at  the  time  of  one  burnout  flowing  along  the  cable 
and  going  to  ground  at  some  other  point  where  the  cable  touches 
something  metallic  in  the  ground.  That  particular  form  of  burn- 
out has  been  eliminated  in  our  later  work  by  slipping  over  the  cable 
joint  a  piece  of  fibre  conduit  or  sewer  tile. 

Another  cause  of  trouble,  of  which  we  have  had  several  cases, 
is  electrolysis,  and  all  of  the  electrolysis  we  get  is  not  from  the  re- 
turn current  of  street  car  systems.  I  do  not  wish  to  say  there  is  no 
electrolysis  caused  by  the  street  car  systems,  because  that  would  not 
be  correct,  but  there  are  some  cases  where  we  are  inclined  to  blame 
the  street  car  company,  and  we  finally  learn  they  are  not  at  fault.  I 
know  of  one  case  in  particular  of  that  nature,  and  there  have  been 
several  other  cases  where  the  cable  which  was  withdrawn  from  the 
ducts  showed  unmistakable  signs  of  electrolysis,  but  on  taking  elec- 
trical measurements  it  was  found  that  there  were  no  conditions  pres- 
ent any  time  of  the  day  or  night  for  the  week  or  month  following, 
which  would  produce  electrolysis. 

Mr.  Geo.  H.  Lukes,  m.w.s.e.  From  the  results  of  these  burn-outs 
it  has  been  shown,  as  Mr.  Abbott  says,  that  it  is  advisable  to  divide  up 
conduit  lines,  putting  them  on  opposite  sides  of  the  street,  and  pos- 
sibly to  sectionalize  the  same-  conduit  line  by  separating  the  ducts 
with  a  wall  of  concrete.  I  would  ask  Mr.  Roper  what  modifications 
in  ordinary  conduit  practice  have  been  decided  upon  in  this  direction  ? 
At  what  capacity  does  it  become  desirable  to  sectionalize,  and  what 
is  the  thickness  of  the  proposed  wall? 

Mr.  Rober:  As  Mr.  Abbott  said,  after  the  first  two  troubles  oc- 
curred, we  considered  that  matter  further  and  decided  that  conduits 
which  contain  sixteen  ducts  or  more  should  be  divided.  Duct  lines 
installed  since  that  time,  which  contain  sixteen,  twenty,  or  more 
ducts,  have  had  a  3-inch  wall  of  concrete  through  the  center.  These 
duct  lines  have  all.  I  believe,  been  made  four  ducts  wide,  so  that  in 
a  twenty  duct  line  we  have  ten  ducts  (two  ducts  in  width  and  five 
ducts  in  height)  on  each  side  of  the  central  wall  of  3-inch  concrete. 

Mr.  Schuchardt  referred  to  the  way  the  relays  acted  in  the  case 
at  40th  Ave.,  which  was  very  easily  indeed;  more  like  the  case  of 
line  No.  164,  which  touched  off  so  remarkably  easy.  It  was  the  fact 
that  they  did  touch  off  so  easily  which  gave  us  the  first  idea  that  the 
troubles  were  external.  These  cables  being  in  ducts,  separated  with 
two  thicknesses  of  clay  tile,  we  knew  that  the  arc  from  the  first  one 
could  not  have  burned  through  to  injure  the  second  cable. 

With  regard  to  the  matter  of  jointing ;  there  was  a  paper  read 
before  one  of  the  branches  of  the  American  Institute  of  Electrical 
Engineers  lately,  describing  the  installations  by  one  of  the  large  cable 
manufacturing  companies.     It  was  stated  that  this  manufacturing 
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company  had  installed  in  various  cities  in  the  country  about  the 
same  total  amount  of  high  tension  cable — 6,000  volts  up  to  10,000 
or  15.000  volts  working  pressure — and  the  representative  of  the  com- 
pany referred  to,  in  reading  the  article,  was  very  enthusiastic  over 
the  excellent  record  made  by  his  company.  That  company  I  know, 
stands  very  high  in  its  record  of  cable  work.  However,  it  was  stated 
that  in  the  cables  described  there  had  occurred  nine  failures  of  cable 
joints  in  service,  where  our  record  is  only  one. 

Mr.  Lukes:  In  reference  to  this  matter  of  making  high  tension 
joints ;  as  I  am  no  longer  connected  with  the  Commonwealth  Edison 
Company  it  is  perhaps  proper  for  me  to  explain  that  the  jointers  are 
mostly  men  who  have  learned  their  trade  with  the  Company  and  that 
in  my  opinion  great  credit  is  due  to  the  men  who  have  supervised 
their  education.  The  engineers  and  the  foreman,  and  sub-foremen  in 
the  Underground  Department  who  by  exercising  good  judgment  in 
the  selection  of  promising  men  and  who  by  taking  infinite  pains  in 
training  them  have  secured  these  results,  are  the  ones  to  whom  a 
large  part  of  the  credit  is  due. 

Prof.  Morgan  Brooks,  m.w.s.e.  What  would  be  the  relative  dis- 
advant?ge  of  overhead  construction  as  compared  with  underground, 
as  to  reliability  ? 

Mr.  Roper:  I  think  there  would  be  more  interruptions  on  over- 
head lines  on  account  of  lightning  and  similar  causes.  Our  own 
experience  has  been  very  limited.  We  have  only  a  single  overhead 
high  voltage  line  at  present.  I  think  the  overhead  construction  has 
been  used  under  conditions  of  cross-country  routes  with  probably 
much  less  trouble.  Nearly  all  trouble  on  our  single  high-tension 
overhead  line  occurs  at  the  corners  and  crossings,  and  at  such  places, 
on  account  of  insufficient  head  room,  we  were  unable  to  separate' 
the  wires  sufficiently. 

Mr.  Lukes:  On  a  system  containing,  as  this  does,  some  270  miles 
of  lead  sheath  on  high  tension  cables,  the  freedom  from  electrolysis 
means,  evidently,  that  some  particular  precautions  were  taken  to 
protect  the  lead  sheath.  I  would  ask  what,  in  general,  were  these 
precautions? 

Mr.  Roper:  The  scheme  of  protection  used  here  in  Chicago  by 
the  company  with  which  I  am  connected,  is  similar  to  that,  I  believe, 
used  by  other  cities  and  companies.  In  brief,  it  consists  in  trying  the 
lead  sheaths  of  the  cable  together  at  points  where  they  separate  and 
travel  different  routes,  and  also  in  tying  the  lead  sheaths  of  the  cable 
to  the  negative  bus  of  the  railway  sub-stations,  or  to  a  point  on  the 
rails  nearest  to  the  station.  That  is  sometimes  a  difficult  thing  to  do, 
especially  where  there  are  two  independent  railway  systems :  as,  for 
instance,  an  overhead  elevated  railwav  system  and  a  surface  line. 
In  some  cases  in  this  city  there  are  differences  of  from  20  to  50  volts 
between  the  street  car  rails  and  an  elevated  structure  immediately 
overhead. 
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A  regular  meeting  of  the  Society  (No.  627)  was  held  Wednesday  evening, 
March  4th.  1908.  The  meeting  was  called  to  order  at  820  p.  m.,  with  President 
Loweth  in  the  Chair  and  about  60  members  and  guests  present  The  minutes 
of  the  meetings  of  the  Society  held  February  5th  and  19th  were  read  and  ap- 
proved. 

The  Secretary  reported  from  the  Board  of  Direction  the  election  into  mem- 
bership of  the  following: 

Grade. 

Lawrence  H.  Taylor,  Chicago Associate 

Ernest  Lunn,  Chicago Active 

Winfred  G.  Armstrong,  Chicago Active 

Edward  G.  Slocumb,  Beardstown,  111.,  transferred  from  Junior  to Active 

William  H.  Crumb,  Chicago Active 

John  C.  Blaylock,  Chicago Active 

Frederick  A.  Bergbom,  Chicago  Associate 

John  T.  Stewart,  Paxton.  Ill Active 

P.   Albert  Poppenhusen,  Chicago Associate 

Fred  N.  Wilson,  Chicago  Junior 

William  T.  Main,  Chicago Active 

Wilhelm  Rieth.  Chanute.  Kans Junior 

W.  S.  Marston,  S.  I.,  N.  Y.,  transferred  from  Junior  to Active 

Joseph  Harrington,  Riverside,  111 Active 

S.  Morgan  Bushneli,  Chicago Active 

John  A.   Garcia,   Chicago Active 

Ellis  C.  Soper,  South  Pittsburg,  Tenn.,  transferred  from  Junior  to Active 

Also  that  applications  for  membership  had  been  received  from  the  following : 

Alfred  W.  Kennedy,  Harvey,  111. 

Percy  Sawyer,  Waukesha.  Wis.,   (transfer). 

Charles  A.  Prout,  Wheatcn,  111. 

Edwin  B.  Whitcomb,  Neosha,  Mo. 

Hugh  J.  Fixmer,  Chicago. 

Walter  T.  Ray,  Pine  Beach,  Va.,  ) transfer). 

William  Meier,  Chicago   (transfer). 

John  J.  Harmar,  Kewanee.  111. 

John  H.  McElroy,  Chicago. 

Announcement  was  made  that  word  had  been  received  of  the  death  of  one 
of  our  old  members,  Mr.  Z.  A.  Enos,  Springfield,  111.,  on  December  8th,  1907, 
and  also  of  the  recent  death  in  Florida  of  our  member,  Mr.  James  Dun.  of 
Chicago,  February  23rd,  1908.  Mr.  W.  C.  Armstrong  offered  a  resolution, 
which  was  duly  carried,  that  the  Chair  appoint  Committees  to  prepare  memo- 
rials of  these  active  members  of  the  Society  for  publication  in  the  Journal. 

The  Secretary  stated  that  a  communication  had  been  received — a  petition 
for  an  amendment  to  the  By-Laws — which  had  been  laid  before  the  Board 
of  Direction,  who  transmit  the  same  to  the  Society  with  a  general  recommen- 
dation that  the  subject  be  further  considered  with  the  object  in  view  of  so 
changing  the  By-Laws  that  absence  from  meetings,  by  members  of  the  Board 
of  Direction,  can  be  excused  for  cause.    The  Petition  is  as  follows : 

To  amend  the  fourth  paragraph  of  Sec.  2  of  Art.  Ill  of  By-Laws  to  read: 

"Any  member  of  the  Board  of  Direction,  excepting  a  Past-President  and 
excepting  a  Vice-President  living  more  than  fifty  miles  from  the  headquarters 
of  the  Society,  who  shall  absent  himself  from  three  consecutive  and  regularly 
called  meetings  of  the  Board  without  having  previously  obtained  its  consent, 
shall  cease  to  be  a  member  of  the  Board,  and  the  Board  shall  proceed  to  fill 
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his  place  for  the  unexpired  term.  Due  notice  of  such  action  shall  be  sent  to  the 
absent  member." 

Mr.  Abbott  offered  a  motion  that  the  report  of  the  Committee  be  adopted 
and  Mr.  Junkersfeld  moved  an  amendment  to  the  proposed  amendment  to  the 
By-laws,  which  is  as  follows : 

"Any  member  of  the  Board  of  Direction,  excepting  the  Past-Presidents 
and  a  Vice-President  living  more  than  fifty  miles  from  the  headquarters  of 
the  Society,  who  shall  absent  himself  from  three  consecutive  regular  meetings 
of  the  Board,  unless  excused  by  he  Board,  shall  cease  to  be  a  member  thereof, 
and  the  Board  shall  proceed  to  fill  his  place  lor  the  unexpired  term.  Due 
notice  of  such  action  shall  be  sent  to  the  absent  member.  The  Board  of 
Direction,  however,  may  excuse  the  absence  of  any  of  its  members  from  a 
meeting,  upon  presentation  in  writing  at  that  or  at  the  next  regular  meeting  of 
the  Board,  of  a  reasonable  excuse  for  such  absence." 

This  amendment  to  the  original  report  was  adopted,  and  it  was  ordered  that 
it  be  submitted  to  the  Members  of  the  Society  for  adoption  or  rejection,  by 
letter  ballot. 

There  being  no  further  business  before  the  Society  Mr.  George  M.  Brill, 
m.s.w.e.,  was  introduced,  who  presented  his  paper  on  "Location,  Arrange- 
ment and  Construction  of  Manufacturing  Plants."  This  paper  had  been 
printed  and  sert  out  in  advance,  so  it  was  read  in  part  only  by  the  author. 
Lantern  slide  views  were  then  shown,  illustrative  of  various  manufacturing 
concerns. 

Discussion  followed  from  President  Loweth  and  Messrs.  W.  L.  Abbott, 
C.  K.  Baldwin,  G.  W.  Williams,  D.  C.  Tanner,  P.  M.  Chamberlain,  with  a 
closure  by  the  author. 

The  meeirg  adjourned  at  10:15  P-  rn. 

Electrical  Section,  March  ii,  1908. 

A  regular  meeting,  No.  31  of  the  Electrical  Section  (being  No.  628  of  the 
Society)  was  held  Wednesday  evening,  March  nth,  1908.  The  meeting  was 
called  to  order  at  8:20  p.  m.  by  Mr.  D.  W.  Roper.  Chairman,  and  with  nearly 
100  members  and  guests  present.  The  minutes  of  the  meeting  held  February 
14th  were  read  and  approved. 

There  being  no  further  busines  to  bring  before  the  Section,  the  Chairman 
introduced  Prof.  Morgan  Brooks,  m.w.s.e.,  University  of  Illinois,  Urbana, 
111.,  who  addressed  the  meeting  on  "The  Operation  of  Alternators  in  Parallel." 
The  speaker  treated  of  the  parallel  operation  of  synchronous  machines  and  the 
conditions  governing  their  sucessful  operation.  He  also  presented  a  scheme  for 
the  self-synchronizing  of  alternators.  Charts,  with  sliding  and  rotating  pointers 
were  used  to  illustrate  the  paper.  Through  the  courtesy  of  the  Common- 
wealth Edison  Company  some  apparatus  was  installed  to  demonstrate  the 
synchronizing  of  some  of  the  alternators  at  the  plants  of  that  Company. 

Discussion  followed  from  Messrs.  D.  W.  Roper,  James  Lyman,  P.  Junkers- 
feld, A.  A.  Radtke  of  Armour  Institute.  W.  L  Abbott,  E.  F.  Smith,  George 
H.  Lukes,  with  a  closure  from  Prof.  Brooks. 

The  meeting  adjourned  at  10:50  p.  m. 

Extra   Meeting,  March  25,   1908. 

An  cxfa  meeting  of  the  Society  (No.  629)  was  held  Wednesday  evening, 
March  25th,  1908.  The  meeting  was  called  to  order  about  8:15  p.  m.  with  Mr. 
A.  Reichman  in  the  Chair,  and  about  65  members  and  guests  present. 

The  Secretary  announced  that  the  next  meeting  of  the  Society  would  be 
held  April  1st,  when  Mr.  W.  M.  Torrance,  M.w.s.E.,  of  New  York,  would 
present  his  paper  on  the  reinforced  concrete  work  in  connection  with  the 
Hudson  River  tunnels. 

There  being  no  other  business,  Mr.  J.  N.  Darling,  m.w.s.e.,  was  introduced 
who  read  his  paper  on  "Some  Features  of  Construction  of  the  South  Side 
Elevated  Railway."  The  paper  was  illustrated  by  a  number  of  lantern  slide 
views. 
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Discussion   followed   from   Messrs.   W.   B.   Storey,  Jr     J    C    Fruit    W    R 

EfiE&^Sr-     s' Ra"s' F" F' *■  T™ma" J • G ^*" * 

I  he  meeting  adjourned  about  9:50  p.  m. 

Regular  Meeting,  April  i,  1908. 
A  regular  meeting  (No.  630)  of  the  Society  was  held  the  evening  of 
Wednesday  April  1st.  rhe  meeting  was  called  to  order  at  8:20  p.  m  lith 
President  Loweth  in  the  Chair  and  about  75  members  and  guests  present 
The  minutes  of  the  meetings  held  .March  4th  and  March  25th  were  read  and 
approved.  The  President  appointed  Messrs.  William  ArtingstaU  and  Ernest 
McCu  lough  a  committee  to  canvass  the  letter  ballots  received  votin*  on  the 
amendment  to  Section  2  Article  II.  of  the  By-Laws,  and  to  r'eport  later  the 
result  of  the  canvass  The  President  announced,  also,  the  appointment  of  the 
following  committees:  Messrs.  Onward  Bates,  Isham  Randolph  and  W  B 
btorey.  Jr.  to  prepare  a  memorial  of  our  late  member,  Mr.  James  Dun  ;  and 
Messrs.  L.  P.  Morehouse.  E.  C.  Carter,  and  F.  G.  Ewald  to  prepare  a  memorial 
01  Air.  Z.  A.  Enos. 

The  Secretary  reported  from  the  Board  of  Direction  that  at  the  regular 
meeting  held  March  31st  the  following  persons  had  been  elected  members  of  the 
Society: 

Percy  Sawyer.  Waukesha.  Wis.,  transferred  from  Junior  to \ctive 

Charles  A.  Prout.  Wheaton,  111 Xctive 

Hugh  J.  Fixmer,  Chicago Junior 

William  Meier.  New  York,  transferred  from  Junior  to Active 

John  J.  Harman,  Kewanee,  111 Active 

Elgie  R.  Skinner.  Chicago,  transferred  from  Junior  to Active 

T.  W.  Woermann.  Mincoka,  111 Active 

Also  that  applications  for  membership  had  been  received  from  : 

D.  E.  Willard.  Chicago. 

A.  C.  Greaves,  Sturgeon  Bay,  Wis. 

Henry  H.  Decker.  Winona,  Minn. 

Hugo  M.  Wilke.  Chicago.  (Transfer.) 

Charles  M.  Naylor,  Chicago. 

Wm.  J.  Crumpton,  Chicago. 

The  canvassers  of  the  ballots  on  the  amendment  to  the  By-laws,  Section  2, 
Article  III.  reported  that  217  ballots  were  received,  of  which  208  were  in  the 
affirmative  and  9  in  the  negative.  The  President  then  declared  the  amendment 
to  be  in  force. 

There  being  no  further  business  to  bring  before  the  Society,  the  Chairman 
introduced  Mr.  W.  M.  Torrance.  M.  w.  s.  e.,  of  New  York,  who  read  his  papef 
on  "Reinforced  Concrete  Structures  in  the  Hudson  River  Tunnel  Work." 
This  was  illustrated  by  a  large  number  of  lantern  slide  views,  and  was  full  of 
interest  to  those  present.  Some  discussion  followed  from  Messrs.  J.  M. 
Ewen,  M.  F.  Ewen.  W.  B.  Jackson,  T.  L.  D.  Hadwen.  E.  C.  McCullough,  C. 
R.  Dart,  President  Loweth,  and  the  author. 

The  meeting  adjourned  at  10:25  P-  m- 

Electrical  Section,  April  10,  1908. 

A  regular  meeting  (No.  32)  of  the  Electrical  Section  (No.  631  of  the 
Society")  was  held  Friday  evening.  April  10th.  The  meeting  was  called  to  order 
at  8:20  p.  m.  by  Mr.  D.  W.  Rcper.  Chairman  of  the  Section,  and  about  twenty- 
five  guests  and  members  present.  The  minutes  of  the  preceding  meeting  held 
March  nth.  were  read  and  approved. 

Mr.  J.  C.  Kelsey.  of  the  Kellogg  Switchboard  and  Supply  Co.,  was  then 
introduced,  who  read  his  paper  on  "The  Relation  between  the  Banker  and  the 
Engineer."  Discussion  followed  from  Messrs.  D.  W.  Roper,  A.  Bement,  W. 
B.  Jackson,  E.  N.  Lake,  J.  R.  Cravath,  Ernest  Lunn.  E.  F  Smith  and  the 
author. 

The  meeting  adjourned  about  9:50  p.  m. 
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Extra   Meeting,  April   15,   1908. 

An  extra  meeting  of  the  Society  (No.  632),  was  held  Wednesday  evening, 
April  15th,  1908.  The  meeting  was  called  to  order  at  8:15  p.  m.,  with  President 
Loweth  in  the  Chair  and  about  seventy  members  and  guests  present.  There 
was  no  business  to  bring  before  the  Society,  but  the  President  announced  the 
appointment  of  a  committee,  of  Messrs.  W.  H.  Finley,  H.  E.  Horton,  Andrews 
Allen,  C.  R.  Dart,  J.  H.  Prior,  R.  Modjeski,  and  W.  C.  Armstrong— to  collect, 
collate  and  edit,  for  publication  in  the  Journal,  reports  of  tests  of  compressive 
members  for  bridges  and  other  metallic  structures. 

Profesor  A.  N.  Talbot,  m.w.s.e.,  was  then  introduced,  who  presented 
his  paper  on  "Tests  of  Cast  Iron  and  Reinforced  Concrete  Culvert  Pipe," 
which  tests  had  been  made  at  the  University  of  Illinois,  Urbana.  As  this  paper 
had  been  printed  and  sent  out  in  advance,  it  was  not  read,  but  the  author,  with 
the  aid  of  a  number  of  lantern  slide  views,  explained  how  the  tests  had  been 
made  and  the  results  obtained.  Discussion  followed  from  the  President  and 
Messrs.  C.  H.  Cartlidge,  R.  J.  Mershon,  A.  S.  Baldwin,  W.  E.  Wood,  E.  N. 
Layfield,  T.  L.  Condron,  A.  Reichmann,  C.  W.  Baldridge,  T.  L.  D.  Hadwen. 
I.  O.  Baker,  B.  J.  Ashley,  and  the  author. 

The  meeting  adjourned  about  10:15  p.  m.        J.  H.  Warder,  Secretary. 

BOOK  REVIEWS 

Railroad  Engineerings  Vol.  II.,  Elements  of  Railroad  Engineering,  by  Wil- 
liam G.  Raymond,  C.  E..  LL.D.,  Professor  of  Civil  Engineering  and  Dean 
of  the  College  of  Applied  Science,  The  State  University  of  Iowa.  1st 
Edition,  8vo,  465  pages,  107  figures,  18  plates,  cloth.  Price.  $3.50.  John 
Wiley  &  Sons,  New  York.     1908. 

The  author  has  divided  this  work  into  three  parts  with  an  introduction  and 
an  appendix.  In  the  introduction  he  has  set  down  briefly  some  ideas  of  railroad 
political  economy.  Starting  with  the  apothegm,  that  in  America  railroads  are 
built  for  the  single  avowed  purpose  of  making  money  for  the  projectors,  the 
author  takes  up  the  possible  motives  for  the  inception  of  a  railroad  enterprise 
and  proceed  through  the  various  steps  of  organizing  a  company,  obtaining  a 
franchise,  the  issue  of  stocks  and  bonds,  construction  and  organizing  for 
operation.  Cause  of  railroad  failure,  over  capitalization,  stock  watering,  etc., 
are  then  reviewed.  The  introduction  closes  with  a  discussion  of  railroad 
valuation,  the  relation  of  the  railroad  to  the  public  and  the  duty  of  the 
engineer  in  locating  and  building  a  line  with  reference  to  expected  traffic. 

Part  I.  Permanent  Way:  Covers  in  10  chapters  the  physical  necessities  of 
a  railroad,  taking  up  in  some  detail  the  alignment,  horizontal  and  vertical ;  the 
rail,  its  metallurgy,  form  and  manufacture;  joints  and  rail  fastenings;  ties, 
durability  of  various  woods  and  preservative  processes;  ballast  and  roadbed 
standards;  openings  and  minor  structures;  turnouts,  yards  and  side  tracks; 
rail  elevation  on  curves  and  signaling.  In  these  no  pages  the  author  has  cov- 
ered a  large  subject  in  a  very  concise  and  instructive  manner.  The  illustrations 
are  taken  from  standards  and  existing  layouts  of  our  best  railroads. 

Part  II.  The  Locomotive  and  Its  Work:  The  general  scope  of  the  seven 
chapters  given  to  this  subject  is  to  determine  the  underlying  principles  for  the 
design  of  brade  line  and  alignment.  Types  of  locomotives  are  illustrated,  their 
hauling  capacity,  resistance  to  be  overcome  under  various  alignments  and 
grades ;  cost  of  operation  and  variation  in  cost  due  to  rise  and  fall,  distance 
and  curvature,  are  discussed  theoretically  and  practically.  This  part  is  in  fact 
a  short  treatise  of  112  pages  on  the  economics  of  railroad  location. 

Part  III.  Railroad  Location,  Construction  and  Betterment  Surveys.  Five 
chapters  are  here  devoted  to  the  methods  used  in  applying  the  principles  derived 
in  part  II  to  the  location  and  construction  of  the  line.  The  three  surveys, 
reconnoissance,  preliminary  survey  and  location  survey,  are  described  in  some 
detail  in  three  chapters,  followed  by  a  chapter  on  construction  and  one  on 
betterment  surveys.  The  entire  subject  is  covered  in  86  pages  and  is  treated  in 
a  verv  brief  way.  giving  the  student  but  a  tast  of  this  great  field. 
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The  appendix  consists  of  a  paper  by  W.  D.  Taylor,  m.w.s.e,  and  Mem  Am 
boc  C  E..  on  the  location  of  the  Knoxville,  La  Folette  and  Jellico  Raiiroad 
of  the  Louisville  &  Nashville  system,  taken  from  the  Trans  Am.  Soc  of  Civil' 
Engineers,  Vol.  LIL,  together  with  parts  of  the  discussion.  This  paper  is  too 
well  known  to  call  for  remarks  here.  •  The  author's  idea  of  crystalizing  the 
principles  of  location  in  the  minds  of  his  students  by  a  concrete  example  is  to 
be  commended. 

Like  all  other  works  attempting  to  cover  a  large  subject  in  a  broad  but 
condensed  way,  this  work  might  be  criticised  in  many  details,  but  as  a  gen- 
eral text  book  it  is  a  valuable  addition  to  the  literature  on  this  subject.  The 
name  of  the  publishers  is  a  sufficient  guarantee  as  to  type,  paper  and  binding 

G.  H.  H. 

Practical  Physics:      A    Laboratory    Manual    for    Colleges    and    Technical 
Schools,  by  \\  .  S.  Franklin,  C.  M.  Crawford  and  Barry  Macnutt  (Lehigh 
University).    The  Macmillan  Company,  New  York.    Three  volumes,  cloth- 
pp.  173,  160  and  80;  many  cuts.     Price  ,  $1.25,  $1.25  and  0.90,  respectively! 
What  with  the  demands  of  the  practical  man  on  the  one  hand,  and  those 
of  the  precision  man  on  the  other,  the  ordinary  student  of  the  present  day, 
be  he  technical  student  or  not,  may  well  be  puzzled.    It  would  seem  that  a  path 
lying  fairly  between  these  extremes  might  be  easy  to  define  and  easy  to  follow. 
To  obtain  results  as  close  as  conditions  warrant,  to  work  with  expedition  and 
accuracy,  to  lay  plans,  to  execute,  to  interpret  and  report,  are  requirments  in 
all  fields  of  activity.    Any  arrangement  of  work  for  students  which  can  be  fairly 
said  to  embody  the  items  of  the  preceeding  sentence  is  deserving  of  serious  at- 
tention in  this  day  of  education  at  high  pressure.     This  set  of  books,  entitled 
"Practical  Physics,"  follows  this  middle  path  admirably. 

The  matter  of  these  three  small  volumes  may  be  summarized  as  follows: 
Volume  I  has  61  experiments  upon  measures  of  length,  angle,  mass,  time; 
mechanics  and  heat.  Volume  II  with  47  experiments  is  devoted  entirely  to 
simple  work  in  electricity  and  magnetism  and  to  advanced  electrical  meas- 
urements. Volume  III  with  only  24  experiments  treats  the  subjects  of  light  and 
sound.  An  all  too  short  introduction  of  some  twenty  pages  touches  upon  the 
following  important  matters  more  or  less  adeqnately, — the  object  of  a  physical 
laboratory  course,  prepartion  before  beginning  the  test,  acquaintance  with  the 
apparatus,  form  and  matter  of  reports,  recording  of  observations,  errors  of 
obsevations.  treatment  of  data,  plotting  of  curves. 

The  spirit  of  the  books  is  good.  Although  a  few  crude  experiments  are 
included,  the  majority  "are  susceptible  of  a  high  degree  of  accuracy,  and  the 
student  should  throughout  his  course  undertake  to  attain  the  highest  accuracy 
possible  with  the  material  in  hand."  The  student  is  expected  to  originate  and 
lay  out  his  own  tabular  forms  for  each  exercise,  before  entering  the  laboratory. 
The  arrangement  of  experiments  in  each  group  shows  evidence  of  attention  to 
proper  sequence,  and  the  matter  under  each  experiment  seems  adequate  and 
yet  not  too  full.  A  few  physical  tables  are  given.  These  are  placed  in  the 
body  of  the  text.  Each  volume  contains  a  short  but  fairly  complete  index. 
The  cuts  are  clear  and  carefully  drawn.  There  are  nearly  200  in  all.  and  the 
greater  number  of  them  are  diagramatic.  With  such  figures  before  him,  the 
student  using  these  volumes  may  be  expected  to  illuminate  his  reports  with 
neat  and  accurate  sketches.  The  typography  is  well  up  to  the  high  standard 
of  the  publishers. 

These  volumes  form  a  valuable  addition  to  the  already  large  number  of 
carefully  prepared  American  college  texts  books.  A.  W.  M. 

Steel  Works  Analysis  :  By  John  Oliver  Arnold  and  F.  Ibbotson,  respectively 
Professor  and  Lecturer  in  Metallury  at  the  University  of  Sheffield.  The 
Macnrillan  Company,  New  York.  Cloth;  yV2  by  5  ins.;  pp.  468;  illustrated. 
Third  edition  ;  1907.     Price  $3.50  net. 

This  work,  as  indicated  in  the  preface  to  the  first  edition,  was  written  spec- 
ially for  the  use  of  assistants  in  steel  works  laboratories.  Accordingly  we  find 
that  it  treats  of  approved  methods  of  analysis  of  all  materials  used  in  the  iron 
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and  stee!  industry.  The  authors  do  not  confine  themselves  to  the  examination 
of  iron  ore,  and  iron  and  steel,  but  include  also  fuels,  refractory  material, 
water  and  white  metals.  They  dwell  at  length  on  the  determinations  of  such 
constituents  as  arsenic,  chromium,  molybdenum,  vanadium,  titanium,  and 
tantalum,  in  order  to  meet  the  growing  tendency  in  modern  steel-making  of 
introducing  small  quantities  of  rare  metals.  The  methods  selected  are  the 
most  modern  and  approved.  The  manner  in  which  they  are  presented  is  very 
good,  fairly  concise  and  accurate.  The  principles  involved  in  the  different 
methods  are  briefly  pointed  out.  and  the  various  steps  in  the  analysis  are 
properly  separated,  and  each  put  under  an  appropriate  heading. 

On  the  whole,  the  book  makes  a  good  impression  and  should  prove  a  wel- 
come addition  to  the  working  library  of  every  metallurgical  chemist. 

L.  T. 

Conckete  Construction  :  Methods  and  Cost.  By  Halbert  P.  Gillette  and 
Chas.  S.  Hill.  600  pp.,  306  illustrations,  many  tables,  etc.  6  by  9  ins,  cloth. 
Price.  $5.00.     Myron  C.  Clark  Pub.  Co..  Chicago  and  New  York. 

Mr.  Gillette  is  Managing  Editor  of  Engineering-Contracting,  formerly  Asso- 
ciate Editor  of  Engineering  News,  and  is  a  practical  construction  engineer  of 
mar;  perience.     He  is  the  author  of  Earth  Excavation,  Rock  Excava- 

tion. Economics  of  Road  Construction,  Hand  Book  of  Cost  Data,  etc.  Mr. 
Hill  is  an  Associate  Editor  of  Engineering-C  ontractmg  and  formerly  held  the 
same  position  on  Engineering  News.  He  was  the  author  of  the  best  descrip- 
tion of  the  Chicago  Drainage  Canal  that  appeared  and  was  the  joint  editor  with 
Mr.  Buel  of  the  first  satisfactory  American  book  on  reinforced  concrete.  As 
an  editor  who  dealt  with  the  practical  side  of  engineering  work,  he  has  been 
well  and  favorably  known  for  years.     So  much  for  the  authors. 

A  frequent  complaint  about  the  new  building  material,  reinforced  concrete,  is 
that  nearly  every  man  who  knows  anything  has  written  books  on  design,  and 
that  a  great  many  men  who  appear  to  know  little  have  written  articles  on  how 
to  carry  on  a  piece  of  work.  Yet  to  date,  the  men  who  know  what  such 
work  costs  have  kept  quiet.  We  have  all  been  collecting  fragmentary  literature 
on  the  subject  and  the  stuff  is  piling  up  in  cellars,  garrets,  closets,  and  spare 
ns,  much  to  the  disgust  of  our  wives,  until  we  feel  like  going  through  it  to 
index  and  file  the  valuable  material  and  sell  the  rest.  The  chances  have  been 
good  that  in  the  case  of  most  of  us  the  paper  will  be  burnt  as  incense  to  our 
memory  by  the  executors  who  come  to  hunt  for  our  estate  after  our  demise. 
Our  wives  and  long  suffering  families  will  be  glad  to  learn  of  this  new  book, 
for  now  they  can  burn  or  sell  the  scrap  paper. 

The  authors  have  given  us  twenty-five  chapters  on  reinforced  concrete 
(and  plain  concrete  also),  beginning  with  methods  and  cost  of  selecting  and 
preparing  materials  for  concrete,  and  ending  with  a  chapter  on  the  live  sub- 
of  waterproofing.  They  have  collected  in  the  nearly  seven  hundred,  six 
by  nine  inch  pages,  practically  everything  of  real  value  that  has  appeared  in 
print  111  technical  periodicals  within  the  Dast  few  years.  In  addition  they  have 
inserted  matter  that  would  never  have  been  printed  if  they  had  not  gone  out 
after  it.  They  have  also  commented  on  features  that  struck  them  as  worthy 
of  comment  in  the  works  under  review.  The  result  is  a  book  on  the  econom- 
ics of  concrete  construction  that  should  have  an  immense  sale.  Every  engineer 
today  has  more  or  less  concrete  work  to  do,  some  in  the  design  and  more  in 
the  construction.  Therefore,  every  engineer  will  find  it  to  his  advantage  to 
possess  a  copy  of  this  book,  for  it  does  not  take  the  place  of  any  book  thus 
far  published.  It  supplements  all,  for  there  is  not  ore  word  on  design,  and  the 
descriptive  part  is  such  as  one  would  expect  from  a  man  who  was  itching  to 
boss  the  job  while  he  looked  on  and  was  not  preparing  a  newspaper  descrip- 
tion It  is  this  practical  treatment  on  every  page  that  appeals  to  the  reviewer 
and  should  appeal  to  every  man  who  handles  concrete. 

The  book  is  not  perfect.  No  book  is.  For  a  first  book  on  a  particular 
phase  of  a  subject,  it  is  remarkably  complete  and  so  deserving  of  recommenda^ 
tion  that  we  can  well  skip  criticism.    In  the  opinion  of  the  reviewer  it  is  worth 
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several  times  the  price  even  to  an  old  experienced  concrete  man,  and  such  the 
reviewer  considers  himself. 

The  paper,  illustrations  and  tpography  leave  nothing  to  be  desired  and  the 
book  is  substantially  bound,  as  is  to  be  expecied  of  works  from  the  house 
lssu,"g  ;t-  E.  McC. 

Field  System.  By  Frank  B.  Gilbreth,  General  Contractor,  New  York.  ^/2  by 
6l/2  ins.,  194  pp.  including  index,  with  illustrations  and  many  tables.  The 
Myron  C.  Clark  Publishing  Co.,  New  York  and  Chicago.  Flexible  leather 
Price  $3.00. 

This  is  an  interesting  book,  although  a  clever  and  efficient  advertising 
scheme  for  the  author,  who  is  a  successful  contractor  in  building  construction. 
Mr.  Gilbreth  is  widely  known  by  the  form  of  the  contracts  he  handles,  which 
are  based  on  the  "cost  plus  a  fixed  sum."  The  "fixed  sum,"  which  is  the 
contractor's  profit  for  his  time,  etc.,  is  presumably  agreed  upon  with  the 
"owner"  before  the  work  begins.  The  owner  pays  the  actual  cost  of  construc- 
tion for  labor  and  material,  besides  the  fixed  sum  to  the  contractor.  The  ad- 
vantage of  this  method  is  obvious;  any  changes  in  plans,  materials,  etc.,  can  be 
made  without  the  owner  being  subjected  to  fictitious  changes  under  the  name  of 
extras;  all  bills  and  labor  and  material  are  subject  to  the  scrutiny  of  the 
owner,  and  the  contractor  receives  a  fixed  sum  to  pay  him  for  his  skill,  good 
management,  and  use  of  his  plant,  and  takes  a  minimum  of  risks.  This  "field 
system"  is  a  very  clever  and  well  devised  arrangement  of  forms  and  accounts 
kept  on  each  job,  showing  day  by  day  the  material  ordered  and  received,  the 
men  employed,  the  progress  of  work,  etc.,  etc.,  wherever  the  work  may  be. 
These  forms  and  reports  are  made  out,  and  copies  go  to  the  New  York  office 
of  the  contractor,  and  also  to  the  owner,  and  each  knows  the  progre'ss  of  the 
work  and  how  much  is  yet  to  be  done. 

The  book  now  presents,  in  a  very  convenient  form,  to  those  in  charge  of  the 
work,  the  many  rules  (there  are  573  of  these)  and  instructions  governing  the 
operation  of  the  several  classes  of  workmen,  and  their  superintendents, — what 
had  previously  beei\  g:ven  out  in  more  cumbersome  blue  prints  and  typewritten 
matter. 

At  first  glance  it  would  seem  that  there  was  a  multiplicity  of  forms,  and 
that  there  would  be  a  great  deal  of  clerical  work  to  be  done,  but  further  study 
indicates  that  these  have  been  evolved  from  practice  and  experience,  and  that 
all  these  forms  have  an  object, — namely,  to  keep  a  full,  detailed  statement  of  the 
progress  of  the  work,  including  the  cost  of  material  and  labor  (under  separate 
headings),  and  which  can  be  compared  by  the  owner  or  contractor,  with  the 
original  estimate  of  the  cost  of  the  work,  and  to  know  whether  the  total  cost, 
on  completion,  is  within  the  original  estimate,  and  if  not,  why  not. 

The  rules  printed  in  the  book  cover  a  wide  range  of  subjects,  and  are  open 
to  the  criticism  that  some  seem  unnecesssary,  and  some  appear  to  duplicate 
other  rules,  and  that  they  might  be  rearranged  in  a  more  logical  order  and 
sequence ;  but  this  is  a  minor  point.  The  proper  and  judicious  creation  and 
observance  of  such  rules  should  tend  toward  greater  harmony,  unity,  and 
effectiveness  in  the  working  force,  resulting  in  better  and  more  economical 
construction.  This,  again,  is  to  the  advantage  of  the  owner,  who,  paying  for 
the  actual  cost  of  construction,  has  the  benefit  of  such  reductions. 

As  has  been  previously  remarked,  the  book  is  interesting,  and  would  give 
to  engineers  many  hints  and  suggestions,  which  could  be  used  by  them  in  their 
own  work  to  great  advantage, — namely,  the  introduction  of  a  system  into  the 
execut;on  of  their  work,  to  the  advantage  of  all  concerned. 

TRADE  PUBLICATIONS. 

Steel  Sheeting.  George  W.  Jackson,  Inc.,  169  W.  Jackson  Blvd.,  Chicago. 
Catalogue ;  paper ;  7  by  10  inches ;  pp.  69. 

This  pamphlet  presents  many  illustrations  of  construction  work  where  this 
:n  of  interlocking  steel  sheeting  is  being  used,  which  is  recommended  for 


314  Book  Reviews 

the  construction  of  deep  foundations,  building  of  sewers,  laying  of  water  pipes, 
or  anything  requiring  excavation  to  extreme  depths. 

Throughout  the  catalogue  are  scattered,  also,  a  number  of  fac-simile  letters 
from  users  of  this  sheeting. 

Pipe  Flanges.    American  Spiral  Pipe  Works,  Box  485,  Chicago.     Catalogue; 

stiff  paper  cover  ;  8  by  10  inches  ;  pp.  94 ;  illustrated. 

Forged  and  rolled  steel  pipe  flanges  are  shown,  as  well  as  corrugated  cop- 
per and  annealed  steel  gaskets,  wrought  iron  and  spiral  riveted  pipe,  etc. 
There  is  a  wide  range  of  use  for  this  excellent  line  of  pipe  and  fittings,  in  both 
steam  and  hydraulic  engineering. 

Springs  for  Railway  and  Electric  Traffic  Service.    Standard  Steel  Works, 
Philadelphia,  Pa.    Catalogue ;  paper ;  6  by  9  inches ;  pp.  36 ;  illustrated. 
This  catalogue  presents  a  few  of  the  more  important  types  of  springs  now 

in  use  on  steam  and  electric  roads,  and  illustrates  the  conditions  under  which 

the  springs  are  manufactured. 

Expanded   Steel   System,   Reinforced   Concrete.     Northwestern   Expanded 
Metal  Co.,  Old  Colony  Bldg.,  Chicago.    Catalogue;  paper;  6  by  9  inches. 
This  pamphlet  relates  to  "theory  and  tests  of  reinforced  concrete  beams," 
and  contains  much  of  interest  to  those  engaged  in  the  planning  and  construc- 
tion of  work  in  reinforced  concrete. 

Steam  Shovels.    Atlantic  Equipment  Co.,  Railway  Exchange,  Chicago.    Cata- 
logue ;  stiff  paper  cover ;  6  by  9  inches ;  pp.  42 ;  fully  illustrated. 
The  claim  made  for  the  Atlantic  Steam  Shovel  is  its  simplicity  in  design, 

highest  possible  speed,  minimum  of  wear,  moderate  weight,  highest  quality  of 

materials  and  workmanship. 

Pamphlet  No.   10014,  accompanying  the  above  catalogue,  presents  reports 

from  users  of  the  steam  shovels. 

Lifting  Magnets.     Cutler-Hammer  Clutch  Co.,  Milwaukee,  Wis.     Booklet; 

paper;  5  by  3^2  inches;  pp.  30;  illustrated. 

The  subject  matter  of  this  booklet  originally  appeared  in  Cassier's  Maga- 
zine, October,  1907,  and  the  booklet  is  printed  in  the  form  of  a  miniature  copy 
of  that  magazine.  It  traces  brieflv  the  development  of  the  lifting  magnet,  and 
illustrates  the  different  kinds  of  magnets  used  for  handling  pig  iron,  metal 
plates  and  other  classes  of  material.  Copies  may  be  had  free  by  addressing 
the  Cutler-Hammer  Co. 

Steam  Turbine  Machinery.    De  Laval  Steam  Turbine  Co.,  Trenton,   N.  J. 

Bulletin  501 ;  paper;  4J/2  by  7  inches;  pp.  28;  illustrated. 

This  little  bulletin  illustrates  and  describes  Turbine  Engines — separate  or 
driving  Dynamos  or  Blowers ;  Centrifugal  Pumps — turbine  or  motor  driven, 
etc.  The  illustrations  are  fine  examples  of  the  engraver's  art  and  the  text  is 
very  readable. 

Expansion  Bolt  and   Shield.     Diamond  Expansion  Bolt  Co.,   New  York- 
Catalogue  44- E ;  paper;  9  by  6  inches;  pp.  19;  illustrated. 
This  catalogue  illustrates  and  describes  the  many  uses  of  the  expansion 

bolt  and  shield  and  presents  its  advantages  for  anchoring  machinery,  etc.,  to 

brick  or  masonry  structures  or  foundations. 

Industrial  and  Mine  Cars.    Kilgore-Peteler  Co.,  Minneapolis,  Minn.    Cata- 
logue; paper;  g%  by  6%  inches;  pp.  56;  illustrated. 

Many  different  kinds  of  cars  are  shown  in  this  catalogue  for  handling 
every  class  of  material,  on  narrow  gauge  railways,  for  mines,  shops,  saw 
mills,  power  plants,  plantations,  docks,  warehouses,  quarries,  etc. 
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The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  library.  Back  numbers  of  periodicals  are  desirable  for  ex- 
change and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  February,  1908,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named: 

MISCELLANEOUS   GIFTS. 

Scientific  Publishing  Co.,  Manchester,  England. 

"Stationary  Steam  Engines,"  by  William  H.  Fowler.     Goth. 

"Electrical   Engineers'    Pocket   Book,   1908,"   by  William   H. 
Fowler.    Leather 
John  Wiley  &  Sons,  New  York. 

"The  Elements  of  Railroad  Engineering,"  by  W.  G.  Raymond, 
1908.    Cloth. 

"Methods  for  Earthwork  Computations,"  by  C.  W.  Crockett, 
1908. 
Myron  C.  Clark  Publishing  Co.,  Chicago. 

"Concrete  Construction — Methods  and  Cost,"  by  H.  P.  Gillette 
and  C.  S.  Hill.  1908.     Cloth. 

"Field  System,"  by  Frank  B.  Gilbreth.     1908.     Morocco. 
Reginald  Peldham  Bolton,  New  York,  "Elevator  Service,"  by  R.  P.  Bolton. 

1908.     Cloth. 
American  Iron  &  Steel  Association,  James  M.  Swank,  Gen'l  Mgr.,  "Directory 

of  Iron  and  Steel  Association  of  the  United  States,   1904." 
Cloth. 
Illinois  Board  of  Charities,  Springfield,  111.    Quarterly  Bulletin,  October,  1907. 

Pamphlet. 
Water  Board  of  Lawrence,  Mass.    Report  for  1906.    Pamphlet. 
Brookline,  Mass.,  Water  Dept.  Report,  1007-8.     Pamphlet. 
State  Board  of  Health,  New  Jersey,  31st  annual  report.  1007.     Cloth. 
New  York  State  Engineer  &  Sureyor,  Albany. 

Annual  Report  for  1906.    Cloth. 

Supplement  to  Annual  Report  for  1906.     Cloth. 

EXCHANGES. 

Lewis  Institute,  Chicago,  Director's  Report  for  1907.     Pamphlet. 

Institution  of  Civil  Engineers,  London,  Minutes  of  Proceedings,  1906-7,  Part 

4.  Vol.  CLXX.     Paper. 
National    Association    of    Cotton    Manufacturers,    Boston.      Transactions    for 

1907.    Bds. 
American  Society  of  Mechanical  Engineers,  New  York.  Year  Book  for  1908. 

Cloth. 
Engineers'  Club  of  Central  Pennsylvania,  Directory  of  Club  for  1908.  Morocco. 
Smithsonian  Institution,  U.  S.  National  Museum.  Washington,  D.  C.     "Report 

on  the  Progress  and  Condition  of  the  U.  S.  National  Museum, 

1907."     Cloth. 
Junior  Institution  of  Engineers,  London.  Journal  and  Record  of  Transactions, 

1906-7.  Cloth. 
American  Gas  Institute.  New  York,  Proceedings,  Western  Gas  Association  for 

1906.    Cloth. 
Association  of  Railway  Superintendents  of  Bridges  and  Buildings,  Proceed- 
ings for  1907.     Pamphlet. 
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Canadian  Society  of  Civil  Engineers,  .Montreal,   Transactions,  Jan  -June    1007 

Vol.  21,  Part  i.    Pamphlet.  •  ' 

American   Society  of  Civil   Engineers,   New   York,   Constitution   and   List  of 

Members,  1908.     Cloth. 
Institution    of    Electrical    Engineers,    London,    Proceedings,    Nov -Dec      iQ07 

Part  187.     Paper.  '     y  '" 

Railway   Signal  Association,  Bethlehem.   Pa.     Proceedings  for  1905-6      Two 

pamphlets. 
Brooklyn  Engineers'  Club,  Brooklyn,  N.  Y.    Proceedings,  Constitution,  List  of 

Members,  etc.,  1907.     Paper. 
American  Institute  of  Architects,  Washington,  D.  C.     Proceedings  for  1907 

Paper. 
Roadmasters    and    Maintenance    of    Ways    Association.      Proceedings,    25th 

Annual  Convention.  1907.     Pamphlet. 
Indiana   Engineering   Society,   Indianapolis,   Ind.     Proceedings   for   1906- 1907. 

Two  pamphlets. 
American  Society  of  Heating  and  Ventilating  Engineers,  New  York,  Trans- 
actions for  1906.     Vol.  12.     Cloth. 
Association  of  Water  Engineers,  London.   Transactions.  Vol.  XII.  1907.    Cloth. 
University  of  Illinois.  Urbana.    Bui.  No.  18.  The  Strength  of  Chain  Links.    By 

Goodenough  and  Moore.    Sept.,  1907. 

GOVERNMENT    PUBLICATIONS. 

U.  S.  Geological  Survey.  Dept.  of  Interior. 

Bui.  331 — Portland    Cement    Mortars    and    their    Constituent 

Materials.     1008.      Pamphlet. 
Bui.  332 — Report  of  the  United  States  Fuel-Testing  Plant  at 
St.  Louis,  Jan.  1906  to  June  1907.    Pamphlet. 
U.  S.  Dept.  of  Agriculture,  Forest  Service.      Pamphlets. 

Circular  141 — Wood  Paving  in  the  United  States.    C.  L.  Hill. 
Circular  142 — Tests  of  Vehicle  and  Implement  Woods. 
Circular  144 — The    Relation    of    the    Southern    Appalachian 

Mountains  to  the  Development  of  Water  Power.    Pam. 
Circular  145 — Forest   Planting  on   the  Northern   Prairies. 
Circular  143 — The    Relation    of    the    Southern    Appalachian 
Mountains  to  Inland  Water  Navigation. 
U.  S.  Department   of   Commerce   and   Labor.      Report   of    Superintendent   of 

Coast  and  Geodetic  Survey,  1907.    Cloth. 
U.  S.  Department  of  Commerce  and  Labor.     Bureau  of  the  Census,  Mortal- 
ity Statistics  for  1906.     Cloth. 
Interstate  Commerce  Commission. 

21st  Annual  Report  of  the  Interstate  Commerce  Commission, 

1007. 
19th  Annual  Report  of  Statistics  of  Railways  in  the  United 
States,  1906.     Cloth. 
U.  S.  War  Department,  Chief  of  Engineers.    Report  of  Examination  of  Ohio 
River.  Jan.  10,  1908.    Pam. 
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THE  WROUGHT  COMPRESSIVE  MEMBER  FOR  BRDGE  TRUSSES 
By  H.  E.  Horton,  m.w.s.e. 
Read  October  2,  1907. 
It  is  subtle  and  illusive  and  may  side  step. 


It  is  composite,  and  not  homogeneous. 


No  law  written  of  proper  relation  and  proportion  of  constituent 
parts. 

Cannot  deform  without  shear.     Accept  and  fully  provide  for  it, 
that  is,  the  shear. 

Applied  science  useful.     Be   sure  you  have  the  right  basis  in 
making  application. 

Successful  practice  the  only  sure  instructor. 


Mathematical  investigation  only  safe  when  justified  by  practice. 


Sound  judgment  and  clear  perception  necessary  to  recognize  pro- 
portion and  relation. 

The  engineering  profession  has  the  ability  to  understand  relations 
and  proportion. 

With  understanding  of  relation  and  proportions,  wrought  com- 
pressive members  may  be  so  designed  and  built  of  any  size  with  all 
the  certainty  of  satisfactory  result,  as  of  any  physical  thing  designed 
and  built  by  man. 

A  leading  engineering  journal  of  international  reputation  in  a 
recent  issue  has  made  the  broad  statement  that  failures  in  wrought 
metal  frame  structures  have  all  developed  from  buckling  of  the  com- 
pression members,  proving  the  general  rule,  by  noting  only  one  ex- 
ception where  tension  members  had  failed  and  that  due  to  deteriora- 
tion by  rust.  As  this  was  a  review  of  a  large  number  of  cases,  it  is 
surely  evidence  that  research  as  to  the  compression  member  is  not 
only  desirable  but  necessary.    We  also  have  at  this  time  in  the  col- 
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umns  of  the  technical  press,  by  correspondence,  evidence  of  a  re- 
naissance in  the  mathematical  investigation  of  compression  mem- 
bers and  nothing  as  to  the  proportion  of  the  elements  from  which  a 
compressive  member  is  built  up. 

The  design  and  proportion  of  compressive  members  for  an  open 
frame  structure,  like  a  bridge  span,  is  one  of  compromise  and  con- 
cession. If  the  conditions  demand  only  the  ability  to  support 
weight  like  an  individual  column  supporting  a  girder,  with  uniform 
distribution  of  load  over  the  entire  area  of  the  column,  it  is  well 
established  that  a  section  of  uniform  thickness  of  material  in  a  tri- 
angle, in  a  circle  or  a  square  figure,  are  the  most  efficient;  provided 
that  we  can  produce  by  process  of  manufacture  such  a  figure  of 
homogenous  material.  However,  it  is  idle  to  speculate  on  the  ef- 
ficiency of  any  exact  form  of  column  when  the  conditions  demand 
that  the  compressive  member  must  be  built  up  of  sections  or  seg- 
ments, in  practice  generally  riveted  together. 

Further  the  difficulties  of  making  panel  connections  in  truss  work 
are  such  as  to  suggest  the  compressive  members,  open  on  one  or 
more  sides.  This  open  or  lattice  member  is  always  made  with  a 
material  loss  of  efficiency  as  to  the  total  weight  of  material  in  the 
member.  A  typical  case  will  represent  a  direct  loss  of  full  30% 
when  two  channels  or  similar  sections  are  used,  laced  on  two  sides 
and  will  generally  reach  100%  when  four  angles  or  similar  sections 
are  used,  laced  on  four  sides ;  illustrating  the  good  engineering 
maxim,  that  you  cannot  "eat  your  cake  and  keep  it." 

We  cannot  economically  connect  to  an  enclosed  triangular,  or  cir- 
cular section ;  in  fact  the  cost  of  such  connections  to  either  of  these 
figures  will  generally  represent  more  cost  than  the  percentage  lost, 
as  indicated  above,  in  developing  the  open  figure. 

The  enclosed  box  section  presents  greater  possibilities  of  connec- 
tion and  lacks  but  a  trifle  in  efficiency  as  compared  with  the  triangle, 
which  is  greatest,  and  circle  next ;  these  differences  can  readily  be 
ignored.  It  may,  and  probably  will  develop  that  such  box  figures, 
in  the  evolution  of  design,  will  find  its  place  when  maximum  sec- 
tions are  required. 

Flanged  plates  with  riveted  connections  were  used  30  years  ago 
to  form  triangular  sections.  More  recent  years  we  have  seen  circu- 
lar columns  built  up  of  longitudinal  sections  generally  with  pro- 
jecting flanges  through  which  the  rivet  connections  were  made. 
This  section  was  popular  and  in  very  extensive  use  for  many  years. 
Box  sections  have  been  in  use  through  all  periods  and  with  favor- 
able conditions  are  at  the  present  day. 

We  have  little  experimental  and  definite  knowledge  of  the  action 
of  steel  in  built  up  compression  members.  Specimen  tests  have  been 
carried  out  on  solids  and  small  pipes  through  many  years.  Our  ex- 
perience shows  full  sized  members,  tested  to  destruction,  fail  at  less 
than  the  computed  strength.  It  is  a  case  of  the  strength  of  the 
composite  member  being  determined  by  the  weakest  elementary  unit 
and  the  further  fact  of  want  of  cohesion  of  the  parts. 
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It  is  quite  usual  practice  in  building  a  structure  of  any  con- 
siderable importance  to  have  tests  to  destruction  of  tension  mem- 
bers, while  with  the  compression  members  tests  are  only  made  on 
samples  to  be  certain  as  to  the  character  of  the  material  used.  An 
individual  tension  member,  maximum  eye  bar,  will  scarcely  cost 
$200,  while  we  see  in  practice  compression  members  of  size  to 
require  a  testing  machine  of  15,000  tons  capacity  and  one  such 
column  would  cost  $10,000.  It  is  scarcely  to  be  hoped  that  com- 
prehensive tests  of  such  sizes  will  be  undertaken. 

It  is  in  fragments  only  that  we  have  knowledge  of  such  tests  as 
have  been  made.  It  seems  reasonable  to  hope  that  the  records  of 
tests  of  steel  that  have  been  made  in  compression,  both  in  individual 
pieces  and  combined  members,  might  be  gathered  together,  edited 
and  published. 

Our  understanding  is  that  steel  of  the  character  used  in  construc- 
tion of  a  composite  column  or  in  rolled  sections  of  100  "radii"  yields 
by  bending  at  somewhere  from  30,000  to  35,000  lbs.  per  sq.  in. ; 
that  the  elastic  limit  and  ultimate  strength  are  essentially  the  same, 
that  is,  the  column  yields  and  fails  at  once  under  the  same  load  and 
at  the  same  time. 

Our  experience  and  tests  as  to  the  reliability  and  strength  of 
full  sized  members  has  been  limited  generally  to  pieces  not  over  30 
ft.  long  and  25  sq.  in.  of  section.  In  fact  our  knowledge  of  the 
action  of  such  members  in  the  testing  machine  is  very  slight,  but 
our  knowledge  from  practice  shows  rectangular  compression  mem- 
bers very  reliable  when  designed  to  standard  specifications  and  sizes 
within  our  usual  experience  in  all  the  well  known  forms.  That  we 
have  scarcely  more  than  practice  to  direct  us,  is  to  be  regretted. 

Length,  divided  by  least  Radius  of  Gyration,  (expressed  herein 
as  "Radii")  is  accepted  by  engineers  as  an  indication  of  unit  value 
in  a  compressive  member,  the  application  being  made  by  formulas 
with  somewhat  varying  constants.  The  least  "radii"  in  all  cases 
showing  the  largest  compressive  unit  value  for  material,  and  here 
the  fact  is  apparent  that  the  thinner  the  material  the  larger  the 
radius.     To  illustrate: 

M                                Section  Radius  of  8  ft.  4  in.  100    "Radii" 

Sq.  in.  Gyration  equal  to  equal  to 

4  in.  Solid  Round 12.5  1  100     Radii  8      ft.4in.l0ng 

8   in.  Pipe,  ]/2  in.  thick 12.5  2.5  40    Radii  20.66  ft.        long 

16   in.  Pipe,  %  in.  thick 12.5  5.5  18     Radii  45.8    ft.        long 

32    in.  Pipe,  Y%  in.  thick. ..  .   12.5  11.3  8.8  Radii  94.1    ft.        long 

64    in.  Pipe,  4%  in.  thick 12.5  24.0  4.1  Radii  200      ft.        long 

These  illustrations  clearly  indicate  the  necessity  for  a  definite  and 
clear  limitation  or  thickness  of  material  forming  a  composite 
column.  We  recognize  the  fact  that  a  4  in.  solid  round  8  ft.  4  in. 
long,  100  "radii,"  is  safe  to  carry  11,000  lbs.  per  sq.  in.;  that  an  8 
in.  pipe  ]/2  in.  thick  at  40  "radii"  is  safe  to  carry  16,000  lbs.  per  sq. 
in.  In  the  circular  form  we  can  readily  believe  that  a  16  in.  pipe 
lA  in.  thick,  at  18  "radii"  will  also  safely  carry  16,000  lbs.' per  sq. 


32? 
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in.  But  a  pipe  32  in.  in  diameter  yi  in.  thick,  8.8  "radii"  will  also 
carry  a  goodly  load  per  sq.  in.,  but  I  doubt  if  anyone  would  expect 
to  load  it  to  16,000  lbs.  per  sq.  in.  A  64  in.  pipe  1-16  in.  thick  4.1 
"radii"  we  have  reason  to  believe  will  collapse  and  fail  at  less  than 
the  load  per  sq.  in.  that  the  4  in.  solid  round  at  100  "radii"  will 
sustain. 

Let  me  cite  the  following  as  an  illustration  of  the  necessity  of 


Fig.  1. 


Two  views,  at  right  angles  to  each  other,  of  the  Test 
Cylinder  after  failure. 


recognizing  some  rational  thickness  of  material  to  radius* of  gyra- 
tion :  developed  in  personal  practice,  a  circular  section  20  ft.  in  dia- 
meter %  in.  thick,  radius  of  gyration  85,  "radii"  13^2,  to  support  a 
compression  of  5,000  lbs.  per  sq.  in.  Inquiry  among  engineers  and 
a  review  of  practically  all  the  literature  on  the  subject  availed  me 
nothing;  therefore  I  made  a  test  on  a  circular  figure  of  1-20  size, 
height  and  thickness ;  that  is,  thickness  was  1-80  in.,  diameter  16 
in.,  height  57  in.  and  was  agreeably  surprised  to  note  that  the  ma- 
terial in  this  form  developed  7,000  lbs.  per  in.  ultimate  strength. 
(See  Fig.  1.) 
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These  examples  are  on  circular  figures  where  the  circular  element 
has  to  do  with  the  ability  of  very  thin  material  to  resist  compres- 
sion. What  of  tile  plate  in  a  rectangular  compressive  member? 
Someone  has  specified  that  it  must  be  1-30  as  thick  as  wide.  For 
want  of  other  basis  it  has  generally  been  accepted.  The  radius  of 
gyration  will  modify  and  hold  in  check  any  disposition  to  use  ma- 
terial of  undue  thickness,  but  what  of  thin  plates?  They  are  fre- 
guently  used  and  surely  of  some  value.  Also  thin  plates  in  mul- 
tiple with  more  or  less  efficient  riveting,  however,  in  no  way  form- 
ing a  homogeneous  whole. 

As  to  the  value  of  flat  plates  in  compression,  one  or  in  multiple 
and  the  relation  of  thickness  to  wridth,  we  have  no  definite  knowl- 
edge. 

The  suggestions  apply  the  radius  of  gyration  through  the  center 
transverse  to  a  plate  and  limit  the  "radii"  width  of  a  plate  to  the 
"radii"  length  of  built  up  member  of  which  the  plate  is  a  constituent 
part;  also  applying  the  same  method  to  projecting  flange  of  shape 
material,  limiting  "radii"  of  same  to  %  "radii"  of  member.  Further 
the  "radii"  of  a  lattice  panel  of  a  channel  or  a  similar  section  rolled 
or  built  shall  be  no  greater  than  the  "radii"  of  the  entire  member. 

These  applications  of  the  radius  of  gyration  will  produce  results 
not  materially  different  from  practice  in  the  average  and  usual 
member,  but  will  allow  thinner  material  as  the  "radii"  of  the  mem- 
ber increases.  The  compressive  formula  presented  in  the  sugges- 
tions, only  works  a  reduction  of  compressive  unit  value  when  over 
71  "radii" ;  hence  the  application  of  "radii"  as  indicating  thickness 
of  plate  material  will  only  apply  as  member  is  71  or  more  "radii" 
in  length.  In  members  71  "radii"  and  less  plates  will  be  1-24  thick- 
ness of  width. 

Of  proportion  or  percentage  of  shapes  necessary  to  properly  com- 
bine with  plates,  we  have  only  suggestion  from  practice. 

Columns  of  100  "radii"  will,  under  compression,  yield  by  bending. 
The  same  column  under  a  transverse  load  will  also  yield  by  bending 
and  here  we  have  evidence  that  compression  and  transverse  load  will 
develop  shear,  termed  eccentricity  by  many  writers,  in  all  cases  how- 
ever it  will  be  noticed  that  the  eccentricity  is  arbitrarily  arrived  at. 
Of  shear  or  proportion  and  relation  of  shear  to  compression,  acting 
through  the  member,  specifications  are  absolutely  silent. 

Practice  shows  shear  to  be  well  provided  for  by  cover  plates,  tic 
plates  and  lattice  as  used  on  typical  columns  of  medium  size  in  box 
or  laced  members  and  does  in  all  cases  provide  for  5%  at  each  end 
of  the  compressive  force  acting  through  the  column.  This  is  the 
basis  of  analysis  of  both  cover  plates,  stay  plates  or  lattice  as  used 
on  rectangular  compressive  members. 

Many  specifications  in  general  use,  have  specified  an  ability  in  tie 

plates  at  the  end  of  open  lattice  column  to  transfer  25%  of  the  load 

across  the  column  and  is  safe  practice  ;  this  carried  into  the  lattice 

would  seem  excessive,  but  surely  somewhere  between  5%  and  25% 

will  give  safe  results. 
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The  proportions  of  shapes  and  plates  and  thickness,  to  width  of 
plates  and  shapes  in  connection  with  shear,  are  vital  ones  in  design- 
ing a  safe  compressive  member,  and  undoubtedly  have  ac  much  im- 
portance as  the  "radii"  in  determining  the  unit  value  of  the  material 
used. 

It  is  hoped  that  investigation  and  research  may  be  undertaken  on 
the  immediate  relation  of  parts  similar  to  those  used  in  composite 
rectangular  compressive  members.  We  surely  can  gain  knowledge 
from  models  at  even  1-16  size  tested  to  destruction  at  comparatively 
small  cost. 

To  design  to  the  accompanying  suggestions,  will  show  us  difficul- 
ties in  making  a  latticed  compressive  member  of  excessive  size,  both 
in  the  size  of  lattice  and  the  connection  of  the  lattice  with  the  flange's. 
This  leads  to  the  very  natural  conclusion  that  when  an  extraordi- 
nary large  section  is  to  be  built,  box  members  will  be  used  for  the 
same  reason  that  practice  has  forced  the  use  of  plate  or  box  girder 
under  somewhat  similar  conditions  ;  that  is,  where  considerable  shear 
exists  and  a  very  shallow  girder  is  a  necessity. 

The  compression  formula  presented  herewith  does  not  limit  the 
''radii"  length  a  member  may  be  built,  but  does  reduce  for  increased 
"radii"  very  much  more  rapidly  than  formulas  as  usually  written. 
It  also  limits  maximum  compression  to  ^4  tension.  The  particular 
formula  was  arrived  at  because  it  fairly  fits,  using  20,000  dead  load 
unit  stress,  and  the  standard  straight  line  formulas  of  the  day,  in 
its  application  to  chord  members  and  also  for  posts  with  modified 
unit  stress. 

Accompanying  is  an  extension  of  the  formula  showing  the  rel- 
ative position  with  the  straight  line  formulas  referred  to,  and  Pin 
Bearing  Formula  on  page  143  of  the  Carnegie  Hand  Book  for  1903, 
and  the  further  fact  of  having  knowledge  of  tests  on  solid  rounds 
300  "radii,"  which  also  justifies  the  form  of  the  formula.  It  is 
proposed  to  use  this  formula  in  all  compressive  members,  because 
compressive  members  in  a  truss  structure  are  only  fixed  by  other 
compressive  members  subject  to  flexure  from  the  same  load. 

I  have  noticed  a  tendency  to  use  excessive  unit  stress  in  com- 
pression members  of  small  "radii ;"  while  it  is  a  fact,  tests  of  homo- 
geneous steel  in  short  lengths  show  an  ability  to  resist  compression 
equal  to  its  ability  to  resist  tension.  It  must  not  be  overlooked  that 
a  compression  member,  however  short,  of  any  form  used  in  con- 
struction, is  a  composite  and  not  homogeneous  body.  It  is  entirely 
impossible  to  be  certain  of  a  reasonable  uniform  distribution  of 
force  over  the  entire  section  of  a  short  member.  Undoubtedly  a 
member  100  "radii"  is  as  reliable  as  one  5  with  same  load,  because 
of  want  of  ability  to  distribute  the  load  uniformily  over  the  short 
section  and  the  further  fact  that  a  member  5  "radii"  long  is  not 
likely  to  present  conditions  to  success  fully  combine  parts  approxi- 
mating a  homogeneous  member.  Standard  specifications  allow  only 
6- to  of  load  on  100  as  on  5  "radii"  column. 

The  suggested  limitations  and  relation  of  parts  forming  a  mem- 
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ber.  are  derived  from  our  experience  and  practice.  In  a  rolled 
channel  or  beam  at  least  30%  of  the  section  is  in  the  flanges,  but 
40%  has  been  suggested  as  the  proper  proportion  of  shapes  in  built 
channels  or  similar  members.  The  extra  10%  being  in  some  sense 
to  represent  the  proportion  of  shape  in  contact  with  the  plates.  The 
suggestion  that  multiple  plates,  building  up  webs  of  channels  or 
similar  sections  of  members,  act  individually  is  not  sustained  by 
practice,  but  it  is  hoped  the  suggestion  may  help  to  correct  doubtful 
designing,  considering  it  will  present  little  or  no  difficulty  and  add 
nothing  to  cost. 

In  rolled  or  built  channels  or  similar  forms  it  is  obvious  that  there 
should  be  a  relation  of  "radii"  ;  neutral  axis  both  parallel  and  per- 
pendicular to  web.  This  proportion  in  practice  is  1  to  5.8  extreme 
for  rolled  channels. 

An  extended  review  of  specifications  of  American  practice  in 
bridge  work  indicates  in  the  matter  of  unit  stress,  conventional 
relation  between  tension,  shear,  bearing  and  flexure  of  extreme  fibre. 
The  suggestion  presented  follow  such  relation.  In  attempting  to 
express  relations  for  parts  forming  a  compressive  member,  it  is 
necessary  to  take  unit  stresses  in  consideration,  as  well  as  formula 
for  compression. 

In  the  various  standard  specifications  we  find  additions  and  excep- 
tions in  the  application  of  unit  stress,  to  be  the  rule  and  not  an  ex- 
ception. More  than  fifty  different  unit  stresses  are  specified  in  one 
standard  specifications,  both  confusing  and  exasperating,  in  attempt- 
ing to  follow,  and  the  cause  of  many  misunderstandings  and  blun- 
ders in  proportioning  parts. 

For  the  purpose  of  design,  dead  load  only  is  positive.  The  load 
of  wind  may  actually  exist,  but  is  entirely  an  assumption  as  to  the 
exact  amount.  The  live  load  is  usually  the  principal  one,  but  is  an 
assumption  in  so  far  as  occasion  for  changing  unit  stress. 

It  appears  to  me  the  maximum-minimum  formula,  also  the  quite 
common  one  of  assuming  dead  load  stress  at  two  and  live  load  stress 
at  one,  for  main  members  is  unfortunate  in  the  fact  of  not  caring  for 
secondary  members  and  details  with  that  certainty  of  proportion  and 
relation  that  seems  desirable. 

It  may  be  doubted  if  the  author  of  either  of  the  methods  sug- 
gested above  can  tell  us  where  "we  are  at"  when  reversals  of  stress 
as  in  chords  of  a  drawbridge,  with  further  demand  that  compression 
and  tensions  stress  shall  be  provided  for  separately  and  added  to 
arrive  at  the  section  of  a  member.  Surely  it  is  unecessary,  both 
the  uncertainty  and  absurdity  as  illustrated  in  this  case. 

Assume  a  stress  that  we  are  willing  to  use  for  dead  load  and  then 
assume  a  wind  pressure  that  we  would  be  willing  to  care  for  with 
the  same  unit  stress  and  wishing  a  structure  proportioned  for  a  live 
load  known  as  Cooper's  E.  50.  double  live  load,  that  is,  assume  a 
Cooper  E.  too;  with  unit  stress  of  20,000  lbs.  per  sq.  in.,  (or  any 
other  stress  desired),  we  would  have  developed  a  balanced  struc- 
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ture,  undoubtedly  the  intention  of  the  specifications  though  not  fully 
specified. 

A  recent  paper  before  an  engineering  society  shows  deficiency  of 
standard  specifications  in  that  an  increase  of  live  load  of  only  25% 
developed  in  one  member  an  increase  of  166%  in  stress  in  no  way 
provided  for  and  in  another  member,  a  reversal  of  stress,  where  a 
reversal  was  in  no  way  contemplated.  It  is  obvious  that  the  method 
herein  proposed  fully  cares  for  all  the  problems  of  counters,  under 
increased  live  load  of  100%. 

Suggestions  herewith  presented,  attempt  to  express  the  propor- 
tion and  relation  of  component  parts  of  columns  as  derived  from 
practice,  to  the  end  that  the  relation  and  proportion  may  be  used 
to  develop  columns  of  any  size  with  some  hope  of  satisfactory  results. 

The  writer  in  no  way  claims  originality  in  the  suggestions.  The 
various  points  considered  are  well  understood  by  engineers  familiar 
with  metal  design  and  have  long  been  a  matter  of  discussion  and 
interchange  of  thought  one  with  the  other.  Am  inclined  to  say  that 
engineers  have  considered  the  points  made  here  merely  fundamental 
and  directed  by  common  sense,  at  least  I  know  of  no  written  pre- 
sentation of  the  proportions.  The  suggestions  may  be  unnecessary, 
but  surely  will  do  no  harm. 

The  suggestions  in  no  way  having  to  do  with  quality  of  material 
or  details  of  connection,  but  are  intended  to  fill  in  where  standard 
specifications  seem  to  be  lacking. 

SUGGESTIONS  OF  PROPORTIONS  OF  PARTS  FOR  RECTANGULAR  WROUGHT 
COMPRESSIVE  MEMBERS  FOR  FRAMED  STRUCTURES. 

Unit  Stress 


Compression=Unit  Stress,  times 


U 

1    + 


L  5000  RJ 
="Radii" 


R 

Compression,  never  to  exceed  Y$  unit  stress. 

Flexure,  extreme  fibre  =  ixA  times  the  unit  stress. 

Bearing  =  iy2  times  the  unit  stress. 

Shear  =  ^4  times  the  unit  stress. 

Tension  =  Unit  stress. 

The  method  of  applying  force  shall  be  such  as  to  distribute  over 
ihe  entire  area  of  the  member  equally  for  each  unit  of  the  entire  sec- 
tion of  load.  Force  applied  to  the  member  only  through  the  cen- 
ter of  gravity,  if  necessarily  otherwise  applied,  bending  stress  shall 
be  duly  considered  in  reducing  the  value  of  the  material. 

Compressive  members  composed  of  shapes  or  combination  of 
shapes  and  plates,  shall  preferablv  have  the  least  possible  number 
of  shapes  and  plates  to  form  said  member,  and  to  be  as  definitely 
and  firmly  fixed  by  riveting  together  as  practicable. 
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If  an  enclosed  box,  four  or  more  plates  and  shapes,  25%  of  the 
entire  area  shall  be  of  shapes ;  if  with  two  or  more  shapes  and  two 
plates  then  60%  of  the  entire  area  shall  be  in  shapes. 

If  a  trough,  one  side  laced,  33-1/3%  of  the  entire  area  shall  be 
composed  of  shapes. 

If  of  two  or  more  built  channels  or  similar  forms,  two  sides  laced, 
40%  of  the  entire  section  of  the  members  shall  be  of  shapes. 

If  of  four  shapes  and  plates,  laced  on  all  four  sides,  50%  of  the 
entire  section  to  be  of  shapes. 

Rolled  or  built  channels  or  similar  forms  shall  have  a  radius  of 
gyration  at  least  1/5  as  great  when  the  neutral  axis  is  parallel  to 
the  center  line  of  web,  as  when  the  neutral  .axis  is  perpendicular  to 
the  web. 

Pitch  or  panel  of  lacing  shall  be  such  that  the  "radii"  of  a  rolled 
or  built  channel  or  similar  section  with  neutral  axis  parallel  with 
the  web  never  need  be  less  than  25  and  never  more  than  the  "radii" 
of  the  member  of  which  said  channel  forms  a  part. 

Plates  in  webs  shall  preferably  be  no  more  than  24  times  as  wide 
as  thick  on  members  less  than  71  "radii."  On  members  71  "radii" 
and  more  in  length,  "radii"  through  center  of  any  plate  transverse 
to  length  of  member  shall  be  no  greater  than  "radii"  of  member. 
Shapes  used  with  plates  to  form  built  channels  or  similar  sections 
shall  have  flanges  equal  to  1/5  the  width  of  said  channels  or  similar 
member  and  said  shapes  shall  have  thickness  of  metal  equal  to 
"radii"  transverse  to  shape  through  center  of  flange  of  %  the 
"radii"  of  the  member,  71  "radii"  and  more.  On  members  less  than 
71  "radii",  a  projecting  flange  shall  not  bess  than  1/6  as  thick  as 
wide. 

If  shapes  or  plates  of  lesser  thickness  than  preferred  thickness 
are  used,  then  the  area  shall  be  reduced  to  equal  Preferred  Thick- 
ness divided  by  the  square  of  the  Actual  Thickness. 

Plates  grouped  together,  surfaces  in  contact  and  riveted,  shall 
not  be  assumed  to  support  one  another,  that  is,  if  each  or  any  of 
the  individual  plates  are  thinner  than  the  preferred  relation,  as  indi- 
cated above,  then  the  reduction  for  thickness  shall  apply  as  "speci- 
fied for  a  thinner  plate. 

Compressive  members,  box  or  with  one  or  more  open  sides,  shall 
be  stayed  on  all  such  open  sides  by  lattice  and  at  the  ends  with 
batten  piates. 

Cover  plates  and  lattice  shall  have  the  ability  to  care  for 

per  cent  of  the  entire  compression,  as  sheer  at  each  end  of  member. 

Batten  plates  to  be  placed  as  near  as  practicable  to  the  ends  of 
compressive  members  with  sufficient  rivets  :  moment  of  inertia  of 
the  group  of  rivets  beincr  considered  to  determine  .their  ability  to 
transfer  shear.  Shear  of  both  ends,  equal  to  double  the  shear  at 
one  end,  shall  be  considered  as  an  equally  distributed  transverse 
load  over  the  entire  len^h  of  the  member  wi'h  cover  n'ates.  batten 
plates  and  lattice  in  vertical  plane.  If  of  more  lhan  two  channels 
or  similar  sections,  connections  of  cover  plates,  batten  plates,  and 
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lattice  shall  have  sufficient  connection  to  the  flange  of  the  outer 
channels  or  similar  shapes  to  transmit  the  entire  shear. 

Cover  plates,  batten  plates  and  lattice  in  vertical  plane  shall  also 
have  the  ability  to  sustain  the  member  in  a  horizontal  position  act- 
ing as  the  web  of  a  girder  supported  only  at  the  two  ends,  or  sup- 
ported only  at  the  center.  For  the  purpose  of  this  last  investigation, 
the  total  weight  of  the  member  shall  be  increased  by  a  ratio  of  2l/2. 
Preferably  lattice  shall  be  of  uniform  proportions  for  the  entire 
length  of  a  member.  From  the  stresses  as  indicated,  lattice  should 
be  designated  with  limitations  by  compression  formula  for  stiffness, 
also  the  connecting  rivets  to  flanges  with  limitations  for  bearing, 
shear  and  flexure. 

Lacing  shall  be  of  width  not  less  than  two  diameters  of  the  rivets 
used  to  connect  the  same. 

Rivets  may  be  spaced  within  3  diameters  and  spacing  shall  never 
exceed  seven  diameters  of  the  rivet  either  in  longitudinal,  trans- 
verse or  diagonal  directions.  Neither  shall  the  pitch  of  rivets  ever 
exceed  twelve  times  the  thickness  of  the  thinest  material  through 
which  they  pass.  Rivets  to  be  spaced  not  less  than  1%  or  more  than 
4  diameters  from  the  edge,  except  rivets  in  lacing,  one  diameter  of 
edge.  In  all  cases  rivets  to  be  spaced  not  more  than  i]/2  diameters 
from  an  end. 

Preferably  rivets  in  single  shear  shall  have  diameter  equal  to  the 
thickest  material  through  which  they  pass. 

EXTENSION  OF  SUNDRY  COMPRESSION  FORMULAS. 

L 

(a)  —Cooper  Chord  Segments 20000 — 90 — 

R 
L 

(b) — Cooper  Posts,  Thru  Bridges 17000—90— 

R 
L 

(c) — Cooper  Posts,  Deck  Bridges 18000 — 80 — 

R 
L 

(d) — Cooper  Lateral  Struts  and  Rigid  Bracing. ...  13000 — 60 — 

R 

2O0OO 

(e)— Carnegie  1903,  page  143,  2  Pin  Ends 

L2 

1    + 

18000  R2 

LT/2 

(i)—  Suggested- -Unit  Stress,  say  (20000)  times  

U 

1    + 

5000  R2 
and  compression  never  to  exceed  }i  Unit  Stress. 
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The  following  table  shows  valuations  worked  out  for  the  preceed- 


mg: 

L 

L 

R 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

R 

5 

19550 

16550 

17600 

12700 

199/0 

15000 

5 

10 

19000 

16100 

17200 

12400 

19890 

15000 

10 

20 

18200 

16200 

16400 

1 1800 

19610 

15000 

20 

30 

17300 

14300 

15600 

1 1200 

19770 

15000 

30 

40 

16400 

13400 

14800 

10600 

18360 

15000 

40 

50 

16500 

12500 

14000 

1 0000 

17560 

15000 

50 

60 

14600 

1 1600 

13200 

9400 

16670 

15000 

60 

70 

13700 

10700 

12400 

8800 

15760 

15000 

70 

80 

12800 

9800 

1 1600 

8200 

14700 

13150 

80 

100 

1 1000 

Sooo 

1 0000 

7000 

12890 

10000 

100 

120 

5800 

III10 

7730 

120 

140 

9570 

6100 

140 

160 

8260 

4900 

160 

iSo 

7120 

4020 

180 

200 

6210 

3330 

200 

225 

5350 

2700 

225 

250 

44&0 

2220 

250 

300 

3330 

1580 

300 

Discussion/' 

Mr.  J.  W.  ScJuutb,  m.w.s.e.  :  When  we  get  to  large  members  we 
shall  probably  have  to  resort  to  other  methods  than  lacing  for  hold- 
ing the  component  parts  together,  say  by  means  of  diaphragms  so  as 
to  make  the  component  parts  act  practically  as  a  unit  instead  of  reiv- 
ing on  the  lacing  Such  methods  have  been  usd  before — recently  in 
the  Forth  Bridge,  where  cylindrical  compression  members  were 
used.  I  think  a  rectangular  member  can  be  built  just  as  well  as  a 
cylindrical  member  by  this  method. 

Mr.  A.  Reichmann,  m.w.s.e.:  The  subject  of  compression  mem- 
bers is  one  which  should  receive  the  most  earnest  consideration  of 
our  engineers.  Our  knowledge  of  the  action  of  tension  members 
and  their  physical  strength  is  quite  well  determined.  I  also  believe 
that  the  more  competent  engineers  thoroughly  understand  the 
proper  design  of  compression  members:  however  there  arc  a  great 
many  engineers  who  do  not  give  the  compression  members  any  fur- 
ther consideration  after  they  have  once  determined  their  main  sec- 
tions. 

It  is  not  uncommon  in  buildings  to  have  posts  in  the  upper  stories 
with  large  attachments  carrying  eccentric  loads  for  which  every  de- 
tail of  the  connection  has  been  very  carefully  worked  out,  but  the 
posts  themselves  are  not  provided  with  the  proper  means  of  taking 
care  of  the  bending;  that  is  to  say,  the  main  members  are  not  prop- 
erly tied  together  with  a  web  as  they  should  be,  but  are  inadequately 
tied  together  with  lattice  bars  which  have  little  ability  to  transmit 
shear.     The  specifications  of  the  American  Railway  Engineering  & 

*The  discussion  of  Mr.  Horton's  paper,  was  held  the  two  evenings  of  Oct. 
2,  1907  and  January  22,  1908,  and  also  includes  sundry  dis  nt  in  by 

letter.— Ed. 
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Maintenance  of  Way  Association  state  that  compression  members 
shall  be  built  concentric  about  the  neutral  axis.,  which  has  lead  many 
less  experienced  engineers  to  make  their  top  chords  and  end  posts. 
of  truss  bridges  without  a  top  cover  plate,  using  lattice  bars  top  and 
bottom.  While  this  method  of  designing  is  good  enough  for  top 
chords,  it  makes  a  very  poor  design  for  an  end  post  which  must  trans- 
mit the  total  wind  stress  from  the  top  chord  to  the  masonry.  While  it 
is  possible  to  make  lattice  bars  sufficiently  strong  to  transmit  the 
shear  due  to  the  wind  forces,  nevertheless  it  is  very  seldom  done.  I 
believe  that  lattice  bars  should  be  avoided  wherever  possible,  and  that 
in  a  great  many  cases,  lattice  bars  are  used  in  compression  members 
where  it  would  not  only  be  better  but  also  cheaper  to  use  a  web  plate. 
The  function  of  the  lattice  bar  in  an  ordinary  compression  member, 
where  there  are  no  additional  eccentric  loads,  is  to  transmit  the 
amount  of  shear  to  the  main  sections  of  the  member  equivalent  to 
the  reduction  in  unit-  stress  from  that  ordinarily  used,  where  the 
members  are  so  short  that  flexture  can  be  ignored,  as  is  illustrated  in 
the  compression  formula  of  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association.  The  unit  stress  16000  represents 
the  compression  in  the  member  before  deduction  has  been  made  on 
account  of  its  length.  The  term  70  1/r  represents  the  deduction  that 
must  be  made  in  the  unit  stress,  to  provide  for  the  bending,  induced 
by  the  direct  stress.  This  bending  may  be  assumed  to  have  been  pro- 
duced by  a  uniformly  distributed  load  W,  the  maximum  shear  of 
which  shall  be  taken  up  by  the  lattice  as  indicated  in  sketch  : 

Us?7for/r>   load  ^  ]         1^.      , 


r>  referred) 


The  amount  of  W  can  be  found  then  by  considering  that  it  must 
produce  a  bending  unit  stress  of  70  1/r  .       This  is  expressed  bv : 
Wl  I 

=  —  (  70  1   r  1 

8  e 

where  I.  is  the  moment  of  inertia  of  the  section  of  the  post,  around 
the  axis  shown  in  sketch  and  e,  the  distance  to  the  extreme  fibre. 
Xow  I=Ar2,  where  A.  is  gross  area  of  section,  and  hence  above 

W        "  Ar  Ar 

equation  reduces  to :  —  =70  —  or  W  =  560  — . 
8  e  e 

The  lattice  bars  at  the  end  have  each  a  shear  of  l/^  W,  hence  the 
Ar 
shear  is  S  =  140 —  and  the  stress,  compression  in  one  and  tension 
e 

Ar 
in  the  other  is  140  —  sec.  a. 
e 
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For  60  deg.  lacing  sec.  a  =  — \  3=  1.15  which  would  make 

3 
Ar 

the  stress  =  161  — . 
e 

It  must  be  remembered  however,  that  in  most  cases  the  load  in- 
duces secondary  stresses  in  the  member,  partly  due  to  the  connection 
of  the  ends  of  the  member  and  partly  due  to  the  portion  of  the  com- 
pression transmitted  to  the  lattice  bars,  which  in  turn  induces  bend- 
ing in  the  main  sections  of  the  member ;  for  instance,  if  the  compres- 
sion member  shown  in  Drawing  A  is  reduced  in  length  a  certain 
amount  for  each  panel  of  lattice  bars,  the  lattice  bars  are  likewise 
reduced  this  amount  multiplied  by  the  secant  "a."  It  would  there- 
fore seem  proper  that  in  order  to  avoid  having  any  lateral  deflection 
of  the  compression  member,  due  to  the  action  of  the  lattice  bars,  that 
a  tie  be  placed  at  the  point  of  attachments  of  the  latice  bars  to  the 
main  members  as  indicated  by  dotted  lines  in  Drawing  A.  Possibly 
with  the  use  of  a  formula  somewhat  along  the  lines  stated  above  we 
might  establish  proper  size  lattice  bars  for  various  members.  Owing 
to  the  fact  that  there  are  many  uncertainties  in  regard  to  the  action  of 
the  lattice  bars  themselves,  I  believe  that  in  a  theoretical  formula  as 
stated  above  great  care  should  be  exercised,  and  low  unit  stresses 
should  be  used  for  these  bars.  I  would  recommend  from  6000  to 
8000  lbs. 

Another  feature  which  Engineers  should  consider  in  designing 
their  compression  members  is,  that  they  are  so  designed  that  they 
can  be  completely  assembled  before  they  are  riveted  up,  in  order  to 
get  a  good,  straight  and  workmanlike  job.  This  can  only  be  accom- 
plished in  the  larger  compression  members  by  the  use  of  at  least  two 
rivets  at  the  ends  of  each  lattice  bar  and  large  members  should  also 
have  a  sufficient  number  of  diaphragms  in  addition  to  the  lattice  bars 
to  permit  their  handling  without  being  distorted  in  the  field. 

What  I  have  said  above  in  reference  to  compression  in  the  posts 
proper,  inducing  stresses  in  the  lattice  bars,  applies  with  equal  force 
to  viaduct  towers,  which  are  built  without  horizontal  struts.  1  be- 
lieve that  very  few  engineers  realize  the  secondary  stresses  that  are 
induced  in  their  tower  columns  through  the  bracing  where  horizontal 
struts  are  omitted. 

Another  point  where  I  believe  we  have  been  blindly  following  the 
foot  steps  of  the  past  is  in  the  use  of  the  rivets  connecting  the  hori- 
zontal legs  of  the  flange  angles  with  the  cover  plates  of  our  plate 
girder  bridges.  The  efficicieny  of  the  rivets  connecting  the  cover 
plates  to  the  flange  angles  is  increased  as  their  distance  from  the  cen- 
ter of  the  web  increases.  I  therefore  believe,  that  instead  of  having 
two  lines  of  rivets  connecting  the  cover  plates  to  each  horizontal  leg 
of  the  flange  angles  in  our  plate  girder  bridges,  we  would  get  a 
stronger  compression  member  by  the  use  of  one  line  of  rivets,  that  is 
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where  the  cover  plate  is  not  too  thin,  which  is  hardly  ever  the  case. 
This  is  illustrated  in  Drawing  B. 

Prof.  0.  H.  Basquin,  m.w.s.e.  :  I  am  interested  in  the  subject  of 
the  strength  of  columns  considered  from  the  standpoint  of  eccentric 
loading.  .  About  nine  vears  ago  Dean  A.  Marston  gave  the  mathe- 
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matical  solution  (Trans.  Am.  Soc.  C.  E.,  1898)  for  the  maximum 
stress  in  a  simple  column  under  an  eccentric  load.  This  treatment 
corresponds  exactly  with  the  ordinary  method  of  estimating  the 
stress  in  a  simple  beam  under  transverse  load.  In  1901  Moncrieff 
(Trans.  Am.  Soc.  C.  E.,  1901)  reviewed  all  the  available  tests  of 
columns  from  the  standpoint  of  eccentric  load.  He  showed  that  prac- 
tically all  columns  tested  had  an  eccentric  parameter  lying  between  the 
extreme  values  0.15  and  0.60.  The  eccentric  parameter  is  a  pure 
ratio  and  is  defined  as  cc/r~,  in  which  e  is  the  eccentricity  of  loading, 
c  is  the  distance  from  the  gravity  axis  to  the  most  stressed  fiber,  and 
r  is  the  least  radius  of  gyration. 

This  method  of  looking  at  the  strength  of  a  column  has  the  great 
advantage  that  the  curve  representing  this  strength  is  a  continuous 
function  of  the  slenderness-ratio  (1/r).  Ordinarily  one  uses  Euler's 
curve  for  large  values  of  the  slenderness  ratio,  while  for  smaller  val- 
ues we  must  leave  the  curve  and  follow  one  of  its  tengents  in  order 
to  correspond  with  experiment.  Now  Euler's  curve  is  simply  the 
curve  for  which  the  eccentric  parameter  is  zero.  For  large  values 
of  the  slenderness  ratio  all  curves  of  reasonable  eccentric  parameter 
lie  very  close  to  Euler's  curve,  but  for  smaller  values  of  the  slender- 
ness ratio  they  lie  well  below  Euler's  curve  and  correspond  fairly  well 
with  experimental  results. 

In  the  Engineering  News  for  April  18th,  1907,  there  is  an  article 
in  which  are  pointed  out  some  easy. methods  of  using  formulas  for 
columns  under  eccentric  loads.  In  connection  with  this  discussion 
upon  the  shear  in  columns,  I  wish  to  point  out  a  rational  and  ready 
method  of  estimating  the  shear  in  a  column  under  an  eccentric  load. 
After  working  out  this  method  myself  independently,  I  am  the  more 
bold  to  call  your  attention  to  it  because  this  afternoon  I  noticed  the 
same  method  given  in  the  editorial  columns  of  the  last  number  of 
Engineering  (September  20,  1907). 

The  method  corresponds  exactly  with  the  method  of  finding  the 
shear  in  a  simple  beam  whose  elastic  curve  is  known.  The  elastic 
curve  of  the  column  is  fairly  we'll  known,  (see  Tetmajer's  Elasticitat 
und  Festigkeit.)  The  second  derivative  of  the  displacement  with 
respect  to  the  longitudinal  coordinate  when  multiplied  by  El  gives 
the  bending  moment  at  any  section  of  the  column.  Since  the  column 
is  practically  straight,  the  shear  at  any  section  of  the  column  by  now 
be  gotten  by  differentiating  the  bending  moment  with  respect  to  the 
longitudinal  coordinate.  The  maximum  value  of  the  shear  will  be 
at  the  end  of  the  column  so  that  the  final  formula  is 


e     |p  1       II' 

S  =  P-^—  tan— ^1- 


In  this  formula  S  is  the  maximum  shear.  1 '  is  the  load,  p  is  the  unit 
load,  lis  the  length  of  the  column,  and  E  is  Young's  modulus. 
The  expression  contains  the  eccentricity  e  of  the  load.    This  should 
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be  given  an  outside  value  by  those  who  are  familiar  with  the  loading, 
the  care  used  in  fabrication,  erection,  etc.,  or  a  value  may  be  taken 
from  MoncriefF s  study  of  column  tests. 

I  trust  that  the  engineering  profession  before  so  very  long  will 
come  to  this  rational  view  of  the  strength  of  columns. 

Mr.  C.  R.  Dart,  m.w.s.e.  :  It  seems  to  me  that  the  matter  of  shear 
in  a  great  many  columns  depends  somewhat  on  the  end  connections. 
I  think  that  ought  to  be  considered. 

Mr.  IV.  C.  Armstrong,  m.w.s.e.  :  I  believe  the  question  of  the  stress 
in  a  latticed  member  for  excessively  large  sections,  as  given  by  some 
of  the  speakers,  can  be  reduced  by  taking  into  account  a  longer  tie- 
plate  at  the  end.  It  is  a  question  of  transfer  of  stress  from  the  lattice 
considered  as  a  web,  to  the  one  member  of  the  column  considered  as 
a  flange,  and  this  stress  is  transferred  through  the  tie-plates  at  the 
ends  and  through  the  lattice  bars.  By  an  extension  of  the  tie-plate  it 
is  possible  to  get  a  greater  number  of  rivets  for  the  transfer  of  this 
stress  than  by  using  an  ordinary  length  of  tie  plate  and  filling  out  the 
rest  of  the  column  with  lattice.  This  is  simply  a  suggestion  which  I 
offer. 

Mr.  A.  VonBabo,  m.w.s.e.  (by  letter)  :  As  long  as  we  use  com- 
pression formulas  which  are  functions  of  /,  the  moment  of  inertia 
or  of  r,  the  radius  of  gyration  of  the  cross-section  of  the  column, 
the  latticing,  or  more  generally  the  connection  between  the  main 
parts  constituting  the  column,  should  be  of  such  strength  and  con- 
struction, that  the  full  shear  which  may  possibly  be  produced  or  come 
into  play,  if  the  moment  of  inertia  of  the  column  had  to  counteract 
bending  actions  can  be  safely  transmitted  Only  in  case  the  several 
main  parts  forming  the  column  are  rationally  connected  with  each 
other  have  we  the  right  to  figure  and  to  introduce  into  our  column 
formula,  the  integral  moment  of  inertia  calculated  for  the  entire 
cross-section  as  one  body. 

As  this  method  of  reasoning  is  generally  recognized  as  being  cor- 
rect in  case  of  plate  girders  when  figured  by  means  of  the  moment  of 
inertia,  why  then  should  we  allow  and  introduce  in  column  formulae, 
which  are  based  upon  and  contain  the  same  kind  of  /  as  used  in  plate 
girders,  moments  of  inertia  that  are  figured  and  correct  for  a  full 
connection,  when  the  parts  of  a  column  are  only  slightly  bound  to- 
gether. 

In  other  words,  I  would  say  that  a  column,  for  which  we  use  the 
column  formula,  should  be  so  constructed  that,  if  this  column  were 
to  be  used  as  a  loaded  beam  by  first  being  laid  flat  on  one  side  and 
loaded  and  then  turned  90  degrees  around  its  axis  and  again  loaded 
in  the  same  manner  as  before,  it  would  show  the  same  strength 
against  bending  in  both  cases,  or  at  least  the  strength  that  would  cor- 
respond to  the  moment  of  inertia  to  be  used  in  the  column  formula. 

Mr.  W.  C.  Armstrong  (by  letter)  :  The  scope  of  Mr.  Horton's 
paper  is  so  broad  that  an  attempt  to  cover  all  the  points  raised  in  one 
discussion  would  not  be  profitable.  I  shall,  there  fo:^,  confine  my  re- 
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marks  to  one  point  only,  making  that  of  the  proper  proportion  of  lat- 
tice bars  and  tie  plates 

The  failure  of  the  Quebec  bridge  has  given  an  impetus  to  the  study 
of  column  design  that  must  surely  result  in  great  benefit  to  the  pro- 
fession. Immediately  following  this  disaster  there  were  many  state- 
ments published  in  our  technical  journals  to  the  effect  that  our  knowl- 
edge of  the  action  of  compression  members  of  exceptionally  large 
size  was  not  sufficient  to  enable  us  to  successfully  design  such  mem- 
bers. These  statements  created  the  impression  that  in  some  way 
compressive  stresses  acted  differently  in  large  members  than  they 
did  in  small  ones,  and  it  was  suggested  that  only  by  means  of  tests 
on  a  very  large  scale  could  we  hope  to  gain  the  knowledge  necessary 
to  design  such  large  members. 

Through  the  discussions  and  publications  which  have  followed, 
however,  I  think  that  engineers  have  come  to  the  conclusion  that  the 
fault  in  the  detail  design  of  this  structure  was  not  due  so  much  to  a 
lack  of  knowledge,  as  it  was  to  the  failure  to  thoroughly  apply  our 
available  knowledge. 

It  is  not  to  be  denied  that  series  of  tests  on  full  size  members  would 
add  a  great  deal  to  our  knowledge  of  column  proportioning.  It 
might  lead  us  to  modify  our  column  formulas.  But  I  doubt  if  it  would 
add  much  to  our  knowledge  of  the  proportioning  of  those  details 
which  only  serve  to  bind  together  the  component  parts  of  the  member. 

Standard  specifications  have  been  very  meagre  in  their  reference  to 
the  proportioning  of  tie  plates  and  lattice  bars  for  connecting  to- 
gether the  segments  of  a  composite  compression  member,  and  gen- 
erally have  had  nothing  to  say  on  this  subject  for  members  of  more 
than  moderate  size ;  so  that  the  engineer  in  designing  larger  members 
has  been  compelled  to  rely  on  his  own  resources  for  the  proper  pro- 
portions. 

Column  formulas  do  not  aid  us  much  in  this  matter.  They  are 
mathematical  deductions  based  on  ideal  conditions.  In  all  column 
formulas  the  length  divided  by  least  radius  of  gyration  is  the  measure 
of  lateral  stability.  But  the  radius  of  gyration  is  not  a  concrete  quan- 
tity; it  is  simply  a  relation  between  the  moment  of  inertia  and  the 
area  of  the  section.  The  moment  of  inertia  is  only  a  geometrical 
property,  not  physical.  It  has  nothing  to  do  with  physical  conditions. 
It  is  the  same  for  members  of  similar  cross  section,  regardless  of  the 
material.  It  is  the  same  for  a  composite  member,  regardless  of  how 
the  integral  parts  are  bound  together.  Therefore,  the  use  of  this 
geometrical  property  in  the  column  formula  makes  it  to  a  certain  ex- 
tent an  expression  of  ideal  rather  than  actual  conditions  of  strength. 

One  of  our  technical  journals  in  commenting  upon  this  subject  re- 
cently made  the  following  statement : 

"In  column  calculations  the  lateral  stiffness  alone  is  involved, 
and  it  makes  no  difference  whether  or  not  the  lateral  web-s)  - 
tern  is  strong  enough  to  stress  the  Manges  to  their  point  of  fail- 
ure.    Therefore  as  long  as  a  complete  web-system  is  present, 
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the  full  radius  of  gyration  of  the  cross  section  around  its  gravity- 
axis  must  be  used  in  determining  the  length  ratio.'"' 

From  a  strictly  theoretical  point  of  view  this  may  be  true.  But  I 
do  not  believe  it  will  be  accepted  by  engineers  from  a  practical  stand- 
point. For  it  certainly  does  make  a  difference  whether  the  web-sys- 
tem has  the  strength  to  perform  actual  duty,  or  whether  it  is  a  mere 
tissue.  A  column  seldom  fails  without  flexure.  It  cannot  deflect 
without  shear.  And  shear  cannot  be  resisted  except  by  an  efficient 
web-system.  Therefore  the  ability  to  actually  resist  flexure  is  the 
element  that  should  be  the  principal  factor  in  determining  column 
strength.  If,  then,  the  radius  of  gyration  is  made  an  actual  measure 
of  the  moment  of  resistance,  we  introduce  the  physical  conditions  of 
the  make-up  of  our  column  into  the  formula  for  strength. 

It  is  true  that  if  the  fabrication  is  so  perfect  that  the  gravity  axis 
is  a  straight  line,  and  the  column  is  centrally  loaded,  there  is  no  tend- 
ency to  deflect,  and  consequently  no  actual  work  for  the  web-system 
to  perform.  But  this  is  a  condition  never  realized  in  practice.  There 
is  always  eccentricity  of  stress.  It  cannot  be  avoided,  nor  can  it  be 
even  approximately  premised.  In  addition  to  the  eccentricity, 
whether  designed  or  contingent,  the  member  may  be  subjected  to 
accidental  shocks.  If  used  in  a  bridge  structure  it  may  receive  a 
blow  from  a  derailed  car,  or  be  struck  by  some  projecting  part  of  the 
load,  or  by  some  object  falling  from  a  car.  All  these  contingencies 
should  be  considered  in  determining  the  rule  by  which  the  web  sys- 
tem is  to  be  proportioned. 

This,  then,  brings  us  to  the  question:  How  shall  we  proportion 
the  tie  plates  and  lattice  bars  in  order  that  they  shall  develop  their 
proper  strength  considered  as  web  members? 

Generally  these  are  fixed  arbitrarily ;  but  a  few  attempts  have  been 
made  to  deduce  formulas  and  rules  for  determining  the  sizes  re 
quired.  One  method  is  proposed  in  "Theory  and  Practice  of  Modern 
Framed  Structures."  Another  was  presented  by  Mr.  Thos.  H.  John- 
son, in  Engineering  News  of  September  26th,  1907.  Each  of  these 
is  deduced  from  the  straight  line  formula,  by  using  that  part  of  the 
formula  representing  the  stress  due  to  flexure,  and  then  assuming 
a  load  on  the  member  considered  as  a  girder  supported  at  the  ends 
that  would  produce  an  equal  stress.  The  size  of  the  lattice  is  then 
determined  from  the  vertical  shear  caused  by  this  load.  The  method 
in  "Framed  Structures"  assumes  a  uniform  load ;  while  Mr.  John- 
son's assumes  a  center  load. 

Each  method  gives  different  results ;  those  by  the  former  being 
about  three  times  greater  than  those  by  the  latter,  and  both  smaller 
than  would  be  used  in  practice.  As  an  example  a  column- composed 
of  two  15  in.,  33  lb.  channels  with  single  lattice  at  60  degrees  would 
require  that  each  lattice  bar  have  a  sectional  area  of  0.28  sq.  in.  by 
the  "Framed  Structures"  rule  and  0.09  sq.  in.  by  Mr.  Johnson's 
Each  makes  the  size  of  the  lattice  bar  vary  directly  as  the  sectional 
area  of  the  column. 
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Another  method  is  suggested  in  the  paper  presented  by  Mr.  Hor- 
ton,  and  is  as  follows : 

"Cover  plates,  batten  plates  and  lattice  in  vertical  plane 
shall  also  have  the  ability  to  sustain  the  member  in  a  horizontal 
position  acting  as  the  web  of  a  girder  supported  only  at  the  two 
ends,  or  supported  only  at  the  center.  For  the  purpose  of  this 
last  investigation,  the  total  weight  of  the  member  shall  be  in- 
creased by  a  ratio  of  2J/>.  Preferably  lattice  shall  be  of  uniform 
proportions  for  the  entire  length  of  a  member.  From  the  stresses 
as  indicated,  lattice  should  be  designated  with  limitations  by 
compression  formula  for  stiffness,  also  the  connecting  rivets  to 
flanges  with  limitations  for  bearing,  shear  and  flexure." 

Still  another  one  is  from  Mr.  Henry  S.  Prichard,  published  in 
Engineering  News  of  October  3,  1907;  and  is  as  follows: 

"The  lattice  bars  shall  be  so  spaced  that  each  channel  between 
lattice  connections  shall  be  stronger  than  the  column  considered 
as  a  whole,  and  their  size  shall  not  be  less  than  would  be  obtained 
by  treating  the  column  as  a  lattice  girder  supported  at  the  ends 
and  loaded  at  the  middle  with  a  load  equal  to  3%  of  the  total 
compression  on  the  column." 

The  two  last  mentioned  rules  make  the  size  of  the  lattice  bars  vary 
with  the  length  of  the  column.  By  Mr.  Horton's  rule  the  size  would 
vary  directly  as  the  length ;  while  with  Mr.  Prichard's  rule  it  would 
vary  inversely  as  some  function  of  the  length.  To  illustrate  with  an 
example,  assume  a  column  composed  of  2 — 12  in.,  20^  lb.  channels. 
Then,  with  a  length  of  25  r,  the  sectional  area  required  by  Mr.  Hor- 
ton's and  Mr.  Prichard's  rules  would  be  0.08  sq.  in.  and  0.25  sq.  in. 
respectively.  If  we  take  a  length  of  125  r,  the  sizes  become  0.40  sq. 
in.  and  0.12  sq.  in.  respectively.  There  is  manifestly  something 
wrong  with  the  theory  upon  which  one  of  these  rules  is  founded,  for 
they  are  diametrically  opposite  in  effect.  Mr.  Horton's  rule  has  one 
advantage  in  the  fact  that  it  provides  better  against  the  crippling  of  a 
long  column  by  rough  handling  during  manufacturer  or  erection,  as 
it  requires  larger  lattice  bars. 

In  order  to  make  a  comparative  study  of  results,  and  also  to  put 
in  practical  form  the  suggestion  with  which  this  discussion  was 
opened,  viz :  that  to  make  our  column  formulas  applicable  to  actual 
conditions  we  must  make  the  strength  in  the  plane  of  the  lattice  some 
actual  measure  of  strength  in  the  plane  of  the  webs,  the  following 
analysis  is  presented: 

Let  M=Moment  of  resistance  to  bending  in  the  plane  of  the  webs. 
f=allowable  unit  stress  in  bending, 
S= total  horizontal  shear,  or  flange  stress  due  to  bending  in 

the  plane  of  the  lattice, 
I=moment  of  inertia, 
r=radius  of  gyration, 
d=depth  of  channel  or  leaf  composing  column, 
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w=distance  between  rivet  lines  in  lattice, 

l=length  of  column, 
A=sectional  area  of  column, 
s=axial  stress  in  lattice  bar, 
0=angle  of  lattice  with  axis  of  member. 
The  fundamental  equation  for  bending  in  the  plane  of  the  webs  is 

fl 

M  =  (i) 

YA 

Now  if  the  column  has  the  same  resistance  to  bending  in  the  plane 

fl 
of  the  lattice,  we  have  S  = (2) 

Assuming  that  one-fourth  the  entire  shear  is  transferred  by  the 
tie  plates,  and  the  balance  by  the  lattice,  we  have  the 

1.5  fl 

Shear  carried  by  lattice  = (3) 

dw 
and  since  the  maximum  bending  moment  occurs  at  the  center  of  the 
column,  and  is  developed  in  a  distance  of  Yi  1  we  have  the 

3« 

Shear  per  unit  of  length  = (4) 

dwl 

Now  the  length  of  the  lattice  panel  is  w  cotan.  0,  and  the  direct 
stress  in  the  bar  is  equal  to  the  horizontal  shear  divided  by  cos.  0. 
Then  if  n  =  the  number  of  bars  per  lattice  panel,  we  have,  bv  substi- 

3*1 

tution  in  Eq.  (4),  s  = (5) 

ndl  sin  0 

This  would  give  a  column  practically  as  strong  in  the  plane  of  the 
lattice  as  in  the  plane  of  the  webs. 

It  we  substitute  in  equation    (5),   f  =  15000,   I  =  Ar2  and  d  = 

r  16200  A 

we  have  s  = (6) 

0.36  11  sin  0  (1/r) 

from  which  we  see  that  the  size  of  the  lattice  bar  would  vary  directly 

as  the  area  of  the  column  and  inversely  as  the  length  ratio.   For  single 

9353  A 
lattice  at  60  degrees  th.s  becomes  s  = .  (7) 

1/r 

5728  A 

and  for  double  lattice  at  45  degrees  it  becomes  s  = (8) 

1/r 

In  the  table  which  follows,  Fig.  4,  a  comparison  is  shown  between 
the  values  given  by  equations  (7)  and  (8)  and  those  given  by  the 
various  other  rules  previously  mentioned.  In  order  that  the  compari- 
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son  be  on  the  same  basis  a  value  of  1/r  =  50  was  used  in  all  cases,  bv 
substitution  of  which  equations  (7)  and  (8)  become  respectively 

s=i8~A 

s=  115  A 
which  were  used  in  the  calculation  of  this  table. 

The  stresses  given  by  Mr.  Prichard's  rule  were  calculated  from  the 
15000 
Gordon  formula,  p  =  


1- 


1  + 


13500 r- 
and  the  stresses  from  the  "Framed  Structures"  and  Mr.  Johnson's 
rules  were  calculated  from  the  straight  line  formula.  15000  —  47 
which  for  1/r  =  50  gives  practically  the  same  result  as  the  above 
Gordon  formula.  The  results  are  given  for  seven  actual  columns, 
the  general  make  up  and  principal  elements  of  which  are  shown  in 
table  Fig.  3. 
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Fig.  3. 

The  sizes  of  lattice  bars  were  calculated  for  a  working  strain  of 
15000  lbs.  per  sq.  in.  It  is  assumed  that  where  flats  are  used  they 
shall  have  a  thickness  not  less  than  1/40  of  the  distance  between 
rivets  for  single  lattice  and  1/60  for  double  lattice.  On  this  basis  the 
following  values  were  used  for  lattice  bars  in  compression  : 

Single  lattice  at  60  deg.,  flats  6000,  angles  9000. 

Double  lattice  at  45  deg.,  flats  6000.  angles  10000  for  2  leaf  col- 
umns, 1 1500  for  3  leaf  columns  and  12500  for  4  leaf  columns.  The 
higher  strains  are  used  for  the  3  and  4  leaf  columns  for  the  reason 
that  the  unsupported  length  of  bar  is  shorter. 

An  inspection  of  this  table  will  show : 
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1st.     That  the  stresses  in  lattice  bars  given  by  the  four  "other 
methods"  do  not  agree  with  each  other. 


A/°/ 
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2nd.  That  the  sizes  of  lattice  bars  required  by  these  rules  would 
be  much  less  than  those  required  by  our  various  standard  specifi- 
cations. 

3d.  That  the  variation  with  each  other  and  with  standard  prac- 
tice is  so  great  as  to  preclude  the  use  of  all  of  these  rules  as  practical 
guides. 

4th.  That  the  sizes  of  lattice  bars  shown  in  Column  7  of  Fig.  4 
as  required  by  equations  (9)  and  (10)  correspond  more  nearly  with 
the  sizes  required  by  our  various  standard  specifications  for  columns 
of  such  sizes  as  the  specifications  apply  to.  Also  that  the  sizes  of  lat- 
tice bars  shown  necessary  for  columns  larger  than  are  provided  for 
in  the  ordinary  specification  correspond  very  closely  with  what  are 
used  in  good  practice. 

The  disparity  between  the  sizes  given  in  Column  7  and  those  in 
Columns  8  and  9  is  more  apparent  than  real,  for  the  reason  that  Col- 
umn 7  shows  the  actual  sizes  required  for  the  calculated  strength. 
But  the  size  of  rivet  used  determines  the  limiting  sizes  of  these  small 
bars. 

It  also  develops  from  a  study  of  this  problem  that  the  area  of  the 
lattice  bars  should  vary  directly  as  the  area  of  the  column  section. 
This  is  not  a  condition  of  Mr.  Horton's  nor  of  Mr.  Prichard's  rules, 
but  their  methods  are  conventional  and  not  based  on  any  attempt,  ap- 
parently, to  analyze  the  stress  conditions.    With  the  ''Framed  Struc- 
tures'' and  Mr.  Johnson's  rules,  which  are  mathematically  derived,  it 
varies  directly  as  the  area  only.    The  "Framed  Structures"  formula, 
approximately  evaluated,  can  be  reduced  to  the  following: 
s  =  86.6  A  for  single  lattice  at  60  deg. 
s  =  53  A  for  double  lattice  at  45  deg. 
which  are  approximately  what  would  be  obtained  by  making  1/r  = 
100  in  Eqs.    (7)   and  (8).    Mr.  Johnson's  formula  may  be  written 
s  =  27  A  for  single  lattice  at  60  deg. 
s  =  16.6  A  for  double  lattice  at  45  deg. 
which  are  approximately  what  would  be  obtained  by  making  1/r  = 
350  in  Eqs.  (7)  and  (8).    Both  of  these  values  of  1/r  are  excessive, 
and  the  latter  beyond  the  limit  of  permitted  practice. 

Now  since  both  the  "Framed  Structures"  and  Mr.  Johnson's  for- 
mulas are  mathematically  derived,  it  must  be  assumed  that  their  gen- 
eral form,  s  =  CA,  is  correct.  It  therefore  only  remains  to  assign  a 
proper  value  to  the  coefficient,  C,  in  order  to  obtain  a  practical  work- 
ing formula.    I  believe  equations  (9)  and  (10)  offer  this  result. 

Objection  may  be  made  to  the  methods  employed  in  their  deriva- 
tion, and  it  will  be  acknowledged  that  they  are  crude.  It  would  be 
more  logical,  of  course,  to  retain  the  variable  factor  1/r;  but  as  this 
would  require  a  different  size  of  lattice  bar  for  every  variation  of  the 
length  ratio,  it  seems  better  to  adopt  an  average  value  for  this  factor 
and  make  it  constant.  Our  formula  then  makes  the  column  practi- 
cally of  the  same  strength  in  the  plane  of  the  lattice  as  in  the  plane 
of  the  webs  for  a  length  ratio  of  50.    For  ratios  less  than  50,  it  has 
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less  strength  and  for  ratios  greater  than  50  more  strength  in  the  plane 
of  the  lattice  than  in  the  plane  of  the  webs ;  but  in  all  cases  a  more 
equal  strength  in  each  plane  than  would  be  required  by  the  more 
exact  methods. 

It  has  been  assumed  in  this  discussion  that  the  tie  plates  transmit 
one-fourth  of  the  entire  horizontal  shear,  or  flange  stress  when  the 
column  is  considered  as  a  girder  with  the  lattice  as  the  webs.  If  the 
moment  diagram  is  a  triangle,  as  would  be  the  case  with  a  center  load 
on  the  girder,  the  length  of  tie  plate  should  be  %  oi  y2  1  or  %  1  in 
order  to  transmit  one-fourth  of  the  total  stress.   With  1/r  =  50,  the 

W 
length  of  tie  plate  (L)  becomes  L  =  6.25  r.     But  r  =  —  (nearly). 

25 
Therefore  L  =  2.5  \Y. 

If  we  consider  the  moment  diagram  a  parabola,  as  would  be  the 
case  with  a  uniform  load  on  the  girder,  we  would  have  for  the  length 
of  the  tie  plate  L  =  0.135  of  ^  1  or  .0625  1  in  order  that  it  transmit 
one-fourth  of  the  total  stress.  Reducing  this  in  the  same  manner  as 
above,  we  get  L  =  1 .25  w. 

But  as  a  matter  of  fact  when  a  column  is  deflected  by  an  axial 
compression  the  moment  diagram  is  a  sinusoid,  a  curve  which  lies 
between  the  triangle  and  the  parabola.  In  this  case  we  have  L  =  0.16 
of  J/2  1  =  0.08  1  which  reduced  as  above  gives  L,  =  1.6  w.  These  three 
assumptions  of  loading  are  represented  by  Fig.  5. 


Fig.  5. 

Examination  of  various  standard  specifications  shows  that  the  re- 
quirements for  lengths  of  tie  plate  vary  from  the  distance  between 
rivet  lines  to  \}/2  this  distance. 
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There  is  another  point  which  has  been  brought  out  in  the  discussion 
of  the  Quebec  Bridge  failure  which  has  been  carried  on  in  the  tech- 
nical journals,  that  is  very  important  in  connection  with  the  detailing 
of  compression  members,  and  particularly  in  members  of  large  cross 
section.  It  is  the  use  of  transverse  ties,  at  right  angles  to  the  axis 
of  the  member,  in  conjunction  with  diagonal  latticing.  It  has  been 
mathematically  demonstrated  that  the  effect  of  such  transverse  ties 
is  to  cause  the  diagonal  lattice  bars  to  take  a  certain  part  of  the  direct 
compressive  stress.  With  double  latticing  at  an  angle  of  45  deg.  and 
transverse  ties  at  each  panel  point  of  the  lattice  it  has  been  demon- 
strated that  each  lattice  bar  will  sustain  a  compressive  stress  per  sq. 
in.  equal  to  28  per  cent,  of  the  unit  compression  in  the  main  section. 
This  is  a  serious  matter.  It  was  disastrous  in  the  case  cf  the  Quebec 
bridge.  For  it  seems  quite  probable  that  this  unfortunate  detail  con- 
tributed largely  to  the  final  failure. 

Mr.  Andrews  Alien,  m.w.s.e.  :  Refering  especially  to  Mr.  Arm- 
strong's discussion,  the  writer  wishes  to  heartily  endorse  the  proposi- 
tion that  in  ordinary  practice  the  lacing  of  compression  member- 
should  have  sufficient  strength,  both  in  section  and  connections,  to 
develop  the  ultimate  strength  of  the  compression  member,  consider- 
ing it  as  a  girder  with  loads  applied  in  the  plane  of  the  lacing.  This 
method  will  give  heavier  lacing  bars  than  would  be  obtained  from 
calculations  based  on  the  lateral  deflection  of  the  column  considered 
as  a  strut,  and  is  based  more  on  common  sense  and  practical  consider- 
ations than  on  fine  mathematical  deductions.  We  can  only  say  that 
since  a  laced  column  may  be  subjected  to  a  variety  of  unknown  trans- 
verse forces  such  as  impacts  in  handling,  erecting  and  from  accidents 
in  service,  imperfections  in  workmanship,  etc..  as  well  as  the  theo- 
retical tendency  to  deflection  under  direct  compression,  we  want  to 
be  sure  that  the  column  will  never  fail  through  deficient  lacing.  Very 
little  extra  metal  will  in  most  cases  assure  this.  Then  is  it  not  the  part 
of  wisdom  to  make  our  lacing  bars  figure  up  to  this  requirement  ? 

Those  of  us  who  agree  in  this  theory  will  have  room  to  differ  on 
the  method  of  applying  it.  Mr.  Armstrong  outlines  what  might  be 
called  a  method  of  "horizontal  shear,"  that  is  "horizontal  shear" 
when  the  column  is  considered  as  a  girder  with  loads  applied  in  the 
plane  of  lacing.  In  practice  one  might  figure  the  total  stress  in  ten- 
sion or  compression  capable  of  being  carried  by  one  segment  depend- 
ent on  the  lacing  in  question,  then  consider  this  stress  as  transmitted 
to  the  segment  by  the  rivets  in  tie  plates  and  lacing  from  the  end  of 
the  member  to  its  center.  This  will  give  you  a  value  for  the  horizon- 
tal component  of  each  rivet  from  which  the  stress  in  the  lacing  can 
be  easily  derived. 

It  seems  to  the  writer  that  this  method  is  open  to  serious  objection, 
from  the  fact  that  it  fails  to  take  into  account  the  rate  at  which  the 
flange  stress  is  increased,  and  also  because  it  would  allow  the  use  of  a 
column  like  the  "Gray  Column"  which  has  no  diagonal  lacing  system 
at  all.     If  we  consider  the  column  as  a  beam  with  the  lacing  vertical. 
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and  place  a  concentrated  load  in  the  middle,  the  increment  of  flange 
stress  will  be  constant  from  end  to  center.  No  matter  how  many 
rivets  we  may  have  in  the  tie  plates  in  the  end,  they  will  not  make  up 
for  a  deficiency  of  rivets  in  the  lacing  bars  any  more  than  an  excess 
of  rivets  in  the  end  diagonal  of  a  lattice  girder  will  make  up  for  a  de- 
ficiency of  rivets  in  the  other  diagonals.  If  we  use  a  uniform  load  in- 
stead of  a  concentrated  load,  the  total  load  that  can  be  carried  with 
the  same  unit  stress  in  the  segment  will  be  greater  and  the  flange  in- 
crement will  decrease  from  end  to  center  giving  a  parabola  instead 
of  a  straight  line  as  the  curve  of  flange  stress.  Here,  in  order  to 
develop  the  column  segments  which  we  are  now  regarding  as  flanges, 
the  rivets  in  the  tie  plates  and  lacing  should  be  spaced  more  closely  at 
the  ends  and  further  apart  towards  the  center  following  the  changes 
in  flange  increment,  and  their  total  number  should  as  before  develop 
the  total  flange  stress. 

Now  it  seems  to  the  writer  that  there  are  two  questions  to  be  set- 
tled. First,  shall  we  assume  a  centrally  applied  concentrated  load  or 
a  uniform  load  (in  each  case,  of  course,  of  sufficient  amount  to  de- 
velop the  segment  considered  as  a  flange)  and  second,  shall  we  figure 
the  rivets  and  lacing  from  this  load  by  horizontal  shear  (or  flange  in- 
crements) as  proposed  by  Mr.  Armstrong,  or  by  vertical  shear.  As 
to  the  first,  we  are  dealing  with  matters  of  pure  assumption,  and  since 
the  unknown  transverse  forces  likely  to  be  applied  to  a  column  are 
more  apt  to  be  concentrated  than  uniform,  it  seems  to  the  writer  that 
we  are  justified  in  assuming  for  purposes  of  calculation,  a  concen- 
trated load  in  the  center  of  the  member  applied  in  the  plane  of  the 
lacing  and  sufficient  in  amount  to  produce  the  maximum  allowable 
tensile  or  compressive  stress  in  the  segment.  As  to  the  second  ques- 
tion, the  writer  believes  for  reasons  given  above  that  the  "vertical 
shear"  method  should  be  used.  This  means  that  one  half  of  the  con- 
centrated load  should  be  regarded  as  the  shear  carried  from  each  end 
and  that  the  lacing  bars  and  rivets  should  be  proportioned  to  carry 
this  load  (the  lacing  bars  the  diagonal  component  and  the  rivets  the 
horizontal  component.)  This  method  is  very  simple  in  practice,  for 
instance,  take  a  column  consisting  of  two  12  in.,  20.5  lb.  channels  y2 
in.  apart  between  centers  of  gravity  and  20  ft.  long,  the  area  of  each 
channel  is  6.03  sq.  in.,  one  half  of  which  or  3.015  sq.  in.  is  taken  care 
of  by  each  lacing  system.  This  will  carry  48000  lbs.  at  16000  lbs.  per 
sq.  in.  of  gross  section,  and  a  central  concentrated  load  of  9600  lb. 
will  produce  this  flange  stress.  The  end  reaction  and  shear  is  4800 
lbs.,  anl  the  stress  in  each  60  deg.  lacing  bar  will  be  5550  lbs.  The 
horizontal  component  taken  by  the  rivet  will  then  be  the  same  as  the 
stress  in  one  lattice  bar  or  5550  lbs. 

As  a  matter  of  fact  we  are  fast  adopting,  for  important  members  at 
least,  wide  lacing  bars  with  two  rivets  in  each  end,  both  because  they 
make  better  struts  and  because  they  allow  a  member  to  be  riveted  up 
without  unbolting  any  parts,  also  because  they  offer  distinct  advan- 
tages in  maintenance  as  they  have  no  recesses  that  cannot  easily  be 
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scraped  and  painted.  We  also  eliminate  lacing-  bars  entirely  wherever 
it  is  possible  to  do  so.  We  would  rather  let  all  parts  of  a  column  sec- 
tion contribute  to  its  working  strength  even  if  we  are  not  able  to  use 
quite  so  high  a  unit  stress.  It  is  very  frequently  economical  to  use 
built  "I"  sections  instead  of  laced  channels  and  it  is  almost  always 
economical  to  use  a  cover  plate  wherever  possible.  We  regard  both 
of  these  things  as  highly  desirable  from  the  standpoint  of  design, 
maintenance  and  manufacture. 

Lacing  bars  are  dead  members  and  should  be  avoided  wherever 
possible ;  when  it  is  necessary  to  use  them,  the  writer  believes  they 
should  be  very  liberally  designed. 

Mr.  F.  H.  Bainbridge,  M.W.S.E.  (by  letter)  :  A  paper  on  this 
subject  by  such  an  experienced,  original  and  successful  designer  as- 
Mr.  Horton  would  excite  great  interest  at  any  time.  In  die  light 
of  recent  occurrences  and  the  extended  criticism  of  them  this  in- 
terest is  further  accentuated. 

A  metal  bridge  column  it  is  true  is  a  composite  member,  not  homo- 
geneous, and  so  is  the  bridge  itself,  but  the  elements  of  a  bridge  can 
be  analyzed  individually,  and  so  can  the  elements  of  a  column. 

It  "will  be  generally  agreed  that  experimental  tests  on  the  strength 
of  composite  metal  columns  are  desirable ;  but  the  statements  which 
have  repeatedly  been  made  of  late  that  we  know  next  to  nothing 
about  the  strength  of  composite  columns,  and  that  no  designer,  how- 
ever competent,  can  feel  any  certainty  in  this  field,  are  entirely  unwar- 
ranted. The  method  to  be  pursued  in  the  experimental  tests  should 
be  that  used  by  the  Austrian  Society  of  Civil  Engineers  in  testing 
elastic  arches.  They  determined  the  strength  of  the  arch  analytically 
and  proved  by  their  experimental  tests  not  that  the  mathematical  in- 
vestigation was  true,  but  that  it  was  applicable  in  practice  to  elastic 
arches.  An  experimental  test  on  a  composite  metal  column  would  of 
itself  prove  next  to  nothing,  not  even  so  much  as  that  another  column, 
an  exact  duplicate  in  accordance  with  general  shop  practice,  would 
act  in  the  same  manner.  Mathematical  investigation  of  the  results  to 
be  expected  from  the  inaccuracies  of  shop  practice  is  all-important, 
even  in  the  design  of  the  experimental  column.  Now  the  mathemati- 
cal theory  of  the  elastic  arch  is  intricate  and  involved :  the  mathemati- 
cal theory  of  the  elastic  column  is  simple  and  obvious.  The  main  diffi- 
culty to  be  encountered  is  the  determination  with  accuracy,  of  the  in- 
accuracies of  the  shop  work  on  the  column. 

In  a  properly  proportioned  column,  made  with  absolute  accuracy 
with  respect  to  shop  work,  the  stress  in  the  lattice,  within  the  range 
of  the  elastic  limit  of  the  column  will  be  an  exceeding  small  fraction 
of  i%  of  the  stress  in  the  column. 

Fig.  6  represents,   in  an   exaggerated   scale,  the  distortion   in  a 
mathematically  accurate  elastic  composite  column  within  the  elastic 
limit.    The  dotted  lines  show  the  position  after  distortion.    The  lac- 
ing is  double  and  at  an  angle  of  45  deg.  with  the  axis  of  the  column. 
A  mere  inspection  of  the  figures  show  that  the  stress  in  the  lacing 
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will  be  small — at  the  center  of  the  columns  practically  nothing.  The 
practice  of  placing  additional  lacing  at  right  angles  to  the  axis  of  the 
column,  as  A-A  in  the  figure,  is  to  be  condemned. 


The  tendency  of  such  lacing  as  A-A  is  to  maintain  the  segments  at 
a  uniform  distance  apart  throughout  the  length  of  the  column,  pro- 
ducing a  unit  stress  in  the  diagonal  lacing,  which  is  a  considerable 
percentage  of  the  unit  stress  in  the  column,  and  inviting  the  formation 
of  a  reverse  bend  in  the  column  when  not  mathematically  accurate  in 
construction,  the  worst  possible  position  both  for  segments  and  lac- 
ing. 

Due  to  this  faulty  construction  there  would  be,  on  the  large  lower 
chord  sections  of  the  Quebec  Bridge,  a  stress  in  the  diagonal  lacing, 
assuming  20,000  lbs.  per  sq.  inch  in  the  main  column,  of  14,000  lbs. 
total,  or  11,670  lbs.  per  sq.  inch  on  each  of  the  two  Ji  in.  rivets  in  the 
ends  of  the  diagonal  lacing,  from  this  cause  alone. 

I  take  exception  to  the  statement  of  Mr.  Horton  that  two  or  more 
plates  forming  the  sides  of  a  compression  member,  properly  riveted 
together  in  accordance  with  conventional  rules,  are  not  mutually  sup- 
porting. The  matter  can  be  determined  by  a  simple  experiment, 
though  in  my  mind  there  is  no  doubt  about  it :  Rivet  several  plates 
together ;  load  them  as  a  beam  supported  at  the  ends,  and  test  to  de- 
struction. If  the  deflection  corresponds  to  a  beam  of  the  depth  of 
the  added  thickness  of  the  plates,  as  it  surely  will,  the  plates  are  acting 
together ;  otherwise  not. 

Those  who  have  had  experience  with  Wakefield  sheeting,  consist- 
ing of  three  planks  nailed  together,  will  recognize  that  the  stiffness 
of  this  sheeting  is  that  of  three  planks  forming  a  composite  beam  of 
a  depth  equal  to  the  sum  of  the  thickness  of  the  planks.  Also,  if  we 
cannot  consider  that  two  or  more  plates  forming  the  sides  of  a  com- 
pression member  are  mutually  supporting,  we  must  entirely  give  up 
the  use  of  cover  plates  on  the  flanges  of  plate  and  lattice  girders, 
where  conditions,  due  to  the  increment  of  shear  from  the  inner  to  the 
outer  plates  are  more  severe. 

Experiments  by  the  German  government  show  that  the  outer 
flange  plates  of  a  plate  girder  within  the  limits  of  usual  practice  do 
not  loose  any  considerable  portion  of  their  effective  strength 

Mr.  Horton's  proposal  to  adopt  for  compressive  unit  stress  an 
intensity  only  24  as  great  as  that  for  tension,  seems  to  me  to  be  based 
on  unsound  reasoning.  The  fact  which  he  states,  and  which  we  may 
accept  as  substantially  true,  that  there  have  been  a  considerable  in- 
crease of  failures  in  compression  members  and  very  few  in  tension 
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members,  simply  proves  that  incompetent  designers  have  been  abroad 
over  the  land.  Anyone  with  a  knowledge  of  simple  arithmetic  and 
a  specification  can  proportion  a  tension  member  properly;  while  to 
proportion  a  compression  member  so  as  to  develop  the  maximum 
strength  of  the  material  requires  trained  intelligence  and  a  knowledge 
of  higher  mathematics. 

It  is  a  pretty  well  established  fact  that  repeated  applications  of  ten- 
sional  stress  within  the  range  of  one-half  the  elastic  limit  and  the 
elastic  limit,  cause  a  reduction  in  the  ultimate  strength  of  the  ma- 
terial, while  applications  of  compressive  stress  under  the  same  limita- 
tions do  not.  The  corollary  to  this  is  obvious,  that  in  a  tension  mem- 
ber which  is  to  be  subjected  to  an  indefinite  number  of  applications 
of  tensional  stress  the  unit  stress  should  not  exceed  one-half  the  elas- 
tic limit  of  the  material.  Established  practice  places  the  unit  stress 
for  compression  at  the  same  figure,  for  reasons  as  stated  in  Mr.  Hor- 
ton's  paper. 

In  the  Lehigh  Quarterly,  June.  1891.  Mr.  H.  S.  Prichard  proposed 
to  proportion  lacing  of  compression  members  for  a  load  equal  to  3% 
of  the  total  stress  in  the  column,  treating  the  column  as  a  lattice  girder 
supported  at  the  ends  and  loaded  in  the  center.  This  conclusion  was 
based  on  the  theoretical  analysis  of  the  effect  of  the  inaccuracies  of 
shop  work,  more  particularly  the  imperfect  parallelism  and  square- 
ness of  the  two  milled  faces  of  the  column.  This  rule  found  its  way 
into  a  few  specifications  but  was  generally  considered  excessive. 
On  the  heaviest  lower  chord  section  of  the  Quebec  bridge,  the  lacing 
as  proportioned  by  the  method  mentioned  above  has  a  strength  equal 
to  0.2  of  1%  of  the  stress  in  the  column.  Mr:  Horton  proposes  for 
the  lacing  a  strength  of  from  5%  to  2~>rt  of  the  stress  in  the  column 
without  stating  exactly  how  the  proportioning  is  to  be  done.  For 
large  sections  where  great  care  may  be  assumed  to  be  taken  in  the 
manufacture,  I  think  the  Prichard  requirement  is  excessive  and  that 
for  sections  of  from  100  sq.  ins.  to  1000  sq.  ins.  lacing  proportioned 
for  from  2%  to  ixA%  of  the  stress  in  the  column  is  ample.  Where 
a  cover  plate  is  used  on  one  side  of  the  column  the  lacing  may  be 
made  of  still  smaller  proportions.  The  requirement  mentioned  by 
Mr.  Horton,  that  the  lacing  should  have  sufficient  strength  to  carry 
the  column  when  supported  on  its  side  at  the  center  is  obviously 
needed  to  prevent  injury  in  handling. 

The  rivets  at  the  ends  of  the  lacing  are  the  vital  feature.  Inas- 
much as  the  stress  in  the  lacing  is  due  largely  to  distortion,  it  follows 
that  the  total  stress  in  the  lacing  will  be  proportional  to  the  sectional 
area  of  the  lacing  bar  to  a  large  degree.  Hence  the  strength  of  a 
lacing  bar  should  never  exceed  the  strength  of  its  riveted  connection. 
The  standard  specification  referred  to  by  Mr.  Horton,  which  for 
an  increase  in  live  load  of  25%  develops  in  a  member  an  increase  of 
I1''*'  ',  in  stress,  is  a  poor  standard.  The  specifications  which  use  the 
impact  formulas  of  Messrs.  Schneider  or  Prichard  amply  provide  for 
such  contingencies  by  requiring  that  where  live  and  dead  load  stresses 
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are  opposite  in  direction,  provision  shall  be  made  for  an  impact  of 
100%. 

The  practical  effect  of  the  Schneider  and  Prichard  impact  formu- 
las is  to  provide  for  an  increase  in  loading  of  50%  and  a  further  al- 
lowance which  approximates  in  amount  the  effect  of  impact  as  deter- 
mined by  experimental  observation  with  the  extensometer.  Follow- 
ing the  method  proposed  by  Mr.  Horton,  the  same  result  could  be 
arrived  at  by  assuming  in  place  of  the  Cooper  E-50  loading,  a  Cooper 
E-75  loading,  and  adding  impact  to  the  amount  determined  approxi- 
mately by  experiment.  This  method,  however,  is  open  to  the  psycho- 
logical objection  that  it  would  be  difficult  to  convince  any  railway 
management  that  provision  for  such  an  engine  as  Cooper's  E-75  wa3 
necessary. 

Inasmuch  as  the  Cooper  E-50  engine  is  right  at  the  limit  of  the 
carrying  capacity  of  the  rail  it  would  seem  that  provision  for  50% 
increase  in  loading  will  prove  to  be  ample  unless  the  rail  makers 
greatly  improve  the  quality  of  their  product  by  the  use  of  nickel  or 
some  other  alloy. 

Of  the  two  well  known  impact  formulas,  the  Schneider  and  Prich- 
ard, I  prefer  the  latter,  as  it  makes  a  reduction  in  impact  for  ballast 
floor  spans,  while  the  Schneider  formula  requires  the  same  percen- 
tage of  impact  for  all  spans  of  the  same  length,  no  matter  what  the 
dead  load  may  be.  Specifications  based  on  the  use  of  impact  formu- 
las are  not  open  to  the  objection  which  Mr.  Horton  urges ;  that  is  to 
say.  a  great  multiplication  in  the  number  of  unit  stresses.  There  is 
practically  only  one  unit  stress  for  tension,  one  for  compression,  one 
for  shearing  and  one  for  bearing.  Exceptions  to  this  are  the  pro- 
vision for  combinations  of  stress,  which  are  not  often  operative. 

President  Loweth:  A  great  many  full  size  tests  of  iron  and  steel 
columns  have  been  made  and  the  reports  are  in  print,  but  are  scat- 
tered through  the  various  technical  and  society  journals  running  back 
over  a  good  many  years,  are  not  readily  accessible,  and  have  been 
more  or  less  lost  sight  of.  It  would  be  very  desirable  to  compile  all 
available  test  of  metal  columns  together  on  one  common  basis,  so  that 
conclusions  might  be  drawn  from  them.  A  great  many  of  these  tests' 
have  been  made  on  the  large  testing  machine  of  the  United  States 
Government  at  the  Watertown  arsenal,  and  are  reported  in  the  vari- 
ous annual  reports  of  the  tests  made  on  this  machine,  and  while  the 
column  tests  are  reported  in  detail,  comparisons  of  the  several  tests, 
and  conclusions  therefrom,  are  rarely  made,  and  for  this  reason, 
doubtless,  these  tests  have  not  influenced  engineering  practice  as  fully 
as  their  value  would  warrant. 

Judging  from  the  discussion  so  far,  there  is  a  large  variation  of 
opinion.  One  speaker  thinks  two  or  more  plates  riveted  together 
are  worth  only  what  the  individual  plates  are,  or  but  little  more ;  an- 
other, that  they  are  worth  as  much  as  a  composite  plate.  I  under- 
stand Mr.  Bainbridge  holds  that  Mr.  Prichard's  rule  for  determining 
the  size  of  lattice  bars,  by  assuming  a  load  at  the  center  of  the  mem- 
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ber  of  3  per  cent,  of  the  actual  load,  is  too  much,  while  Mr.  Arm- 
strong suggests  that  we  double  it.  The  remark  has  been  made  that 
we  should  avoid  lacing  wherever  we  can,  while  the  speaker  thinks  a 
symmetrical  column  section  of  two  webs  laced  on  the  opposite  sides, 
as  in  jthe  common  type  of  vertical  posts  in  trusses,  may  be  often  a 
much  stronger  section  than  that  made  up  of  plates  on  three  sides  and 
lacing  on  the  fourth  side,  as  in  the  common  type  of  truss  top  chords. 
This  illustrates  the  wide  range  of  individual  opinion,  and  the  desira- 
bility of  more  practical  data  for  definitely  determining  the  best  and 
most  economical  proportioning  of  metal  columns. 

Mr.  Armstrong:  I  think  an  explanation  of  the  difference  between 
Mr.  Bainbridge's  and  my  estimates  of  the  sufficiency  of  the  Pritchard 
formula  may  be  found  in  the  fact  that  we  look  at  it  from  different 
standpoints.  If  it  is  compared  with  either  the  '"Framed  Structures" 
or  the  Johnson  formula,  ah  examination  of  the  table,  Fig.  3  will 
show  it  provides  for  larger  lattice  than  either  of  them ;  therefore 
larger  than  are  actually  required  for  the  stresses  produced  by  direct 
compression  only.  But  if  compared  with  equations  (9)  and  (10,)  it 
will  be  seen  to  give  results  but  little  more  than  half  as  great. 

President  Loweth:  Do  you  think  the  compression  member  ought 
to  be  as  strong  in  the  plane  of  the  lacing  as  in  the  plane  of  the  other 
members  ? 

Mr.  Armstrong:  I  think  it  should  be  practically  so,  except  for  very 
short  or  very  long  members,  regardless  of  theory.  There  is  no  use 
in  refinement  of  calculation,  however,  in  this  matter. 

President  Loweth:  Will  the  lacing  shown  in  your  table  meet  that 
requirement? 

Mr.  Armstrong:     Yes,  for  a  length  of  50  times  1/r 

President  Loweth:  When  a  boy  the  speaker  was  sometimes  told 
it  was  better  to  send  one  man  to  mill  than  two  boys.  He  has  made  it 
a  rule  to  apply  this  maxim  in  the  designing  of  steel  structures  and  to 
use  two  instead  of  four,  and  four  instead  of  six  members,  wherever 
practicable,  so  as  to  simplify  the  design.  The  rule  applies  particu- 
larly to  built  up  compression  members,  where  webs  should  generally 
not  exceed  two,  and  these  be  made  up  of  one  rather  than  two  or  more 
plates.  But  unfortunately  the  steel  bridge  designer  has  certain  limita- 
tions of  rolling  mill  and  shop  facilities  which  he  must  keep  in  mind ; 
material  of  the  desired  quality  can  be  obtained  only  in  certain  limiting 
dimensions,  and  the  maximum  rivet  diameter  generally  practicable 
does  not  exceed  seven-eights  of  an  inch,  where  frequently  a  larger 
size  would  be  desirable.  With  the  increasing  weight  of  modern 
railroad  bridges,  these  and  other  restrictions,  compel  multiplicity  and 
complication  of  details,  and  force  the  designer  to  make  chord  sections 
with  web  members  of  two,  three,  or  perhaps  more,  plates  more  or  less 
inefficiently  tacked  together  with  small  rivets.  The  speaker  trusts 
these  manufacturing  limitations  may  be  soon  removed. 

Mr.  Reichmann:  Suppose  you  had  a  plate  54  by  2  m  ins.,  how  could 
you  get  it  from  the  mills  ? 
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President  Loweth:  That  is  one  of  the  limitations  the  designer  has 
to  contend  with,  which  forces  the  undesirable  combination  of  two  or 
three  thinner  plates. 

Mr.  Horton:    I  suggest  54  by  2  ins.    They  can  be  of  that  size. 

Mr.  Reichmann:    What  quality  of  material? 

Mr.  Horton:    Any  quality  you  choose  to  pay  for. 

Mr.  Allen:  I  wish  to  make  one  other  remark  along  the  line  of  the 
Chairman's  observation, — that  one  of  the  difficulties  in  the  present 
situation  is  from  the  failure  of  the  shops  and  mills  to  keep  up  with  the 
requirements  of  modern  designing.  I  want  to  endorse  that  statement 
absolutely.  One  of  the  things  I  noticed  in  the  Quebec  bridge  last 
year,  without  having  any  thought  at  that  time  that  it  would  fail,  was 
the  disproportionate  appearance  that  Mr.  Horton  has  so  striking/y 
called  attention  to.  In  that  case  there  were  members  with  hundreds 
of  square  inches  sectional  area,  riveted  with  ^  in-  rivets  of  maximum 
grip,  and  composed  of  metal  of  commercial  thickness  as  used  in  ordi- 
nary structures.  Who  would  think  of  building  up  armor  plate  in  this 
way?  We  certainly  would  not  countenance  this  method  with  pro- 
portionate dimensions  in  small  structures.  We  must  come,  some 
day.  I  think,  to  the  question  of  building  our  large  bridges  with  spec- 
ially constructed  machinery,  and  with  plates  and  rolled  sections  heavy 
enough  to  give  a  properly  designed  member ;  drilling  the  metal  from 
the  solid  and  using  rivets  of  a  size  we  do  not  use  commercially  at  the 
present  time.  It  is  the  American  way  to  extend  the  methods  that  we 
have,  to  data  that  we  have  not ; — as  Professor  Hatt  has  said,  to  exter- 
polate  and  not  interpolate.  We  must  learn  some  day  that  our  monu- 
mental structures  must  be  built,  not  as  the  English  have  built  them, 
but  at  least  with  the  full  recognition  found  in  their  practice  that  such 
structures  are  beyond  the  limits  of  ordinary  bridges. 

Mr.  Reichmann :  I  believe  the  largest  rivets  being  driven  are  I^or 
il/i  in.  diameter. 

President  Loweth:  More  or  less  prominence  has  been  given  in  cer- 
tain technical  journals  to  the  statement  that  there  are  not  enough  data 
available  to  engineers  of  the  strength  of  large  steel  compression  mem- 
bers to  warrant  the  construction  of  a  bridge  as  large  as  the  Quebec 
bridge.  It  appears  to  the  speaker  that  statement  is  not  justified,  as 
he  thinks  there  are  ample  data  available  for  the  safe  design  and  con- 
struction of  a  structure  even  larger  than  the  Quebec  bridge.  As  to 
the  sufficiency  of  the  data  for  ultimate  economy  in  design,  that  is  an- 
other question. 

Closure 

Mr.  H.  E.  Horton:  As  the  discussion  has  indicated  some  misunder- 
standing of  my  suggestions  as  to  the  amount  of  shear,  lattice  on  a 
column  should  be  able  to  sustain,  I  wish  to  be  understood  as  recom- 
mending lattice  on  a  compressive  member  to  carry  a  shear  of  10% 
of  the  compression,  computed  as  a  distributed  load  over  the  column, 
or  •)%  of  the  compression  computed  as  a  center  load  or  in  the  column 
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that  the  lattice  shall  have  the  ability  in  a  vertical  plane,  to  carry  the 
member  with  not  to  exceed  8000  lbs.  unit  stress  when  supported  at 
the  extreme  ends,  or  when  only  supported  at  the  center. 

Am  pleased  to  note  that  Mr.  H.  S.  Prichard,  as  early  as  1891, 
called  attention  to  the  necessity  of  considering  shear  in  the  column  in 
proportioning  lattice.  As  previously  stated,  it  has  been  for  as  long  a 
time  a  matter  of  common  understanding  among  designers,  as  the  only 
rational  method. 

My  thought  is  more  and  more  centered  on  the  fact  that  the  com- 
posite compressive  member  has  a  largely  reduced  value  in  compari- 
son with  a  homogeneous  one.  I  am  also  more  and  more  certain,  that 
a  member  of  relatively  thin  plates  secured  with  a  few  tack  rivets,  act 
as  independent  rather  than  as  a  whole.  I  have  made  the  experiment. 
Physical  tests  are  a  necessity  in  advance  of  analysis,  to  point  the 
way. 

Mr.  C.  P.  Buchanan's  records  of  tests,  appeared  in  the  Engineering 
News  of  December  26th,  1907,  is  of  19  actual  members  as  actually 
built  for  use  in  structures,  covering  a  period  of  18  years,  12  being  of 
iron  and  7  of  steel.  As  I  said  on  another  occasion ;  the  first  notice- 
able thing  is  that  radii  length  has  no  significance;  in  fact  members 
83  "radii"  were  as  strong  as  any  tested  and  much  stronger  than  many 
under  40  "radii,"  and  members  of  97  and  even  120  "radii"  were  a 
good  average  in  the  whole  group  of  tests. 

The  average  ultimate  strength  of  seven  steel  columns  is  31,900  lbs. 
to  the  sq.  inch.  The  average  crippling  strength  is  23,800  lbs.  per  sq. 
in.     The  average  elastic  limit  19,700  lbs.  per  sq.  inch. 

The  ultimate  strength,  crippling  strength,  and  elastic  limit,  in  the 
above  tests  as  reported,  indicate  a  value  scarcely  more  than  50% 
of  the  value  of  steel  in  tension.  This  is  startling  with  our  knowledge 
of  specifications  using  steel  in  short  radii  lengths  for  the  same  stress 
as  in  tension.     I  tabulate  Mr.  Buchanan's  tests  as  follows : — 

Average  of 
T.  H.  &  J.  B. 
Johnson 
1  Formula,  Actual 

Average  Buchanan's  Tests.  Crippling        Crippling         Per 

r  Load  Load         Cent 

4  Tests  *'Z"  Columns 96         28,537     21.700     76 

15  Tests  Troughs  &  Channel  Cols..  .     43.6     33,125     20,730     62 

From  the  photographs  of  the  members  after  tests,  it  is  shown  that 
four  "Z"  bar  column  struts,  yielded  as  a  whole  by  flexure.  The  fif- 
teen other  members  all  yielded  by  some  order  of  wrinkling  or  failure 
in  individual  parts.  It  is  further  noticeable  that  the  section  of  the 
"Z"  bar  column  were  much  thicker  relatively.  It  is  clearly  apparent 
that  compressive  members  which  fail  by  wrinkling,  fail  at  less  load 
per  unit  than  those  that  fail  by  flexure. 

The  suggestion  that  compression  be  limited  to  44  tension  has  been 
questioned  and  yet  the  tests  above  referred  to.  indicate  scarcely  more 
than   a   50%   value  as  compared   with   tension,   either   in   ultimate 
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strength,  yield  point,  crippling  strength  or  elastic  limit  and  these 
averages  are  from  actual  examples  of  actual  practice  and  are  the 
most  comprehensive  ones  that  have  ever  come  to  our  notice. 

The  failure  of  the  lower  chord  compressive  members  at  Quebec 
referred  to,  failed  as  we  understand,  at  about  18,000  lbs.  to  the  inch. 
We  believe  that  it  is  possible  to  design  a  member  of  40  "radii"  that 
will  not  fail  under  double  this,  or  36,000  lbs.  to  the  inch  and  yet  we 
have  not  an  ultimate  strength  of  75%  of  the  ability  of  the  material 
in  tension,  but  in  fact  only  60%. 

My  conclusions  are: — • 

1  st. — While  the  radius  of  gyration  may  be  useful  in  investigating 
a  very  slim,  extremely  long  column,  it  has  no  practical  use  in  the 
problems  met  with  in  a  large  majority  of  compressive  members,  in 
actual  practice. 

2nd. — The  connection  of  parts  and  the  proportions  of  the  cross 
section  have  more  to  do  with  the  value  of  material  in  compression 
than  every  other  element. 

3rd. — Do  not  attempt  "Leaning  on  the  sustaining  infinite",  but 
use  the  "Rule  of  Three"  and  your  common  sense,  and  never  allow 
more  compression  on  a  composite  member  than  75%  of  your  ten- 
sion. 

4th. — It  is  the  Physical  Compression  Member,  we  must  consider, 
rather  than  the  compression  formula. 


ELECTRIC  ELEVATORS  FOR   HIGH  BUILDINGS 
By  John  D.  Ihlder.  m.a.i.e.e. 
Presented  January  10,  iqo8S' 

The  evolution  of  the  modern  office  building  from  the  moderate 
heights  of  a  few  year?  ago,  to  structures  <_ :  ries,  and  with 

no  limit  of  height  in  sight,  has  brought  out  a  new  type  of  elevator 
which  is  especially  suited  for  high  rises  and  great  speeds.  This  is 
the  Gearless  i:i   Traction  Electric  r.     The  high  class  office 

building  elevator  service  was  controlled,  until  recently,  by  the  hydrau- 
lic elevator,  principally  of  the  vertical  type,  which  gave  excellent 
serice  for  the  moderately  high  buildings  of  a  few  years  ag 

Since  1890.  when  the  Direct  Connected  Electric  Elevator  of  the 
y\  orm  Gear  Drum  type  entered  the  field  against  the  hydraulic,  which 
was  in  almost  absolute  control  at  that  time,  it  has  gradually  super- 
seded the  hydraulic,  beginning  with  light  duty  vice, 
until  it  absorbed  almost  everything  except  special  dudes  and  high 
class  office  building  service. 

Several  attempts  were  made  with  special  electric  machines  to  con- 
quer the  office  bu  lding  service  :  but  after  some  apparent  success  these 
machines  did  not  realize  expectation. 

From  the  earliest  development  of  the  electric  machine  there  was 
the  desire  to  do  away  with  the  gear,  which  the  high  speed  motor  re- 
quired, but  the  gear  had  one  advantage :  The  power  consumed  in  it 
is  to  a  certa'n  extent  a  blessing  in  disguise,  since  it  makes  the  machine 
safe  against  a  runaway.  With  the  abandonment  of  the  gear  it  be- 
comes essential  to  have  a  control  device  and  safeties  that  will  a-- 
a  safe  operation,  and  it  is  probably  due  to  the  lack  of  a  reliable  con- 
troller, more  than  to  any  other  cause,  that  designers  did  not  push 
a  gearless  machine  earlier.  As  soon  as  a  really  reliable  system  of  con- 
trol was  assured  the  highly  efficient  e     rless  machine  came  in  to  stay. 

After  an  attempt  at  a  compromise,  which  substituted  a  multiplying 
rope  device  for  the  gear,  in  order  to  keep  the  motor  speed  as  high  as 
possible,  for  the  purpose  of  reducing  the  size  of  the  motor,  it  was 
found  that  the  simplest  possible  construction  was  the  best,  and  this 
has  now  become  the  standard.  It  consists  in  a  motor  with  a  traction 
sheave  mounted  on  the  armature  shaft,  around  which  the  driving 
ropes  are  carrie  I.  The  car  is  suspended  on  one  end  of  these  driving 
ropes,  and  the  counterbalance  on  the  other  end.     Thi-   e  half 

turn  of  contact  between  ropes  and  sheave,  which  is  sufficient  for  some 
duties,  and  answers  for  most  if  special  grooves  are  turned  in  the 
sheave  to  bind  the  rope.  Such  special  grooves  are  however  liable  to 
cause  extra  wear  on  the  ropes,  to  avoid  which  it  is  generally  best  to 


*In  the  absence  of  the  Author,  due  to  illness,  this  paper  was  read  by  Mr.  H. 
II  Smith.  Engineer  of  the  Otis  Elevator  Co..  in  Chicago. 
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carry  the  driving  ropes  over  an  idler  and  a  second  time  over  the 
driving-  sheave,  giving  thereby  two  half  turns  on  the  driver,  which 
provides  sufficient  traction,  with  round  grooves,  carrying  the  ropes 
without  binding,  for  all  practical  loads  as  they  occur  in  office  build- 
ing service.  Tests  show  that  this  roping  will  carry,  without  slipping, 
50%  more  load  on  the  taut  side  than  on  the  slack ;  thus  a  car  weigh- 
ing net  3000  lbs.  can  be  loaded  with  3000  lbs.  of  live  load  if  it  is  pro- 
vided with  a  counterbalance  of  4000  lbs. 


£L£CTR/C    T/ZACT/O/V  *t*CW/V£-. 


This  1  :i  Electric  Traction  machine  thus  consists  of  a  motor  carry- 
ing a  driving  sheave  and  an  idler  sheave,  with  ropes  attached  to  car 
and  counterweight,  and  if  the  machine  is  mounted  over  the  hatch- 
way no  other  sheaves  whatever  are  needed,  since  by  shifting  the 
idler  to  one  side  or  the  other  the  driver  and  idler  can  generally  be 
arranged  in  such  a  position  that  the  ropes  will  lead  directly  to  car 
and  counterbalance,  so  that  the  idler  answers  the  double  purpose  of 
giving  an  extra  half  turn  on  the  driver,  and  also  of  giving  the  proper 
lead  to  the  counterbalance  ropes. 

In  order  to  give  the  necessary  factor  of  safety  against  the  breaking 
of  ropes,  from  four  to  six  ropes  are  generally  used.  In  Fig.  1  is 
shown  a  machine  for  overhead  position  with  idler  placed  to  One  side 
to  give  proper  lead  for  the  counterbalance  ropes,  while  Fig.  2  shows 
a  machine  placed  in  the  basement  with  idler  mounted  directly  on  the 
machine.     The  roping  device  is  shown  in  Fig.  3.     The  rope  or  chain 
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from  the  bottom  of  the  car  to  the  bottom  of  the  counterbalance,  is 
used  for  high  rises  to  balance  against  the  shifting  weight  of  the 
hoisting  ropes. 


A  number  of  special  roping  devices  have  been  proposed  and 
have  been  patented,  which  are  more  or  less  useful  to  cover  particular 
requirements.     Where  it  is  desired,  for  instance,  that  the  size  of  the 
motor  shall  be  reduced  at  the  sacrifice  of  higher  speed,  the  driving 
rope  may  be  run  at  a  higher  speed  by  using  reduction  sheaves  f<  >r  the 
car  and  the  counterbalance,  the  same  as  is  done  on  the  usual  tackle. 
If  applied  to  an  elevator.  Mich  reduction  sheaves  must  be  arnu 
to  occupy  as  small  a  space  as  possible  in  the  hatchway,  and  b  i 
only  one  set  of  counterweight  guides.     This  is  accomplished  by  using 
an  extra  overhead  sheave,  bringing  one  reduction  sheave  from  over- 
head to  the  top  of  the  counterbalance,  and  the  other  reduction  sheave 
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to  the  bottom  of  the  counter  balance.  It  is  at  once  apparent  that  any 
higher  reduction  than  2:1  can  readily  be  made,  but  it  will  generally 
be  found  that  the  savins:  in  cost  at  the  motor  end,  due  to  its  smaller 
size  and  higher  speed,  is  more  than  offset  by  the  cost  of  the  reduc- 
tion sheaves  in  the  hatchway.  Also  the  high  speed  of  the  ropes,  and 
the  attention  which  it  is  necessary  to  give  the  hatchway  sheaves,  make 
this  type  not  nearly  as  attractive  and  advantageous  as  the  direct  drive 
machine. 


DRIVING   SHE" AVE 
j/      33  "  O/AAf. 


SEARING 
~  7"0. 

idle: 

SHSA VE 
33"  O/AM 

BEARING 
+  +  "& 


w 
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Should  the  loads  be  of  such  unusually  large  variation  that  the 
standard  two  half  turns  are  insufficient  to  give  the  necessary  traction, 
more  turns  may  be  taken,  or  a  special  roping  device  can  be  used  which 
increases  the  traction  as  the  load  is  increased.  This  is  shown  in  Fig. 
4.  which  shows  a  2:1  drive  with  overhead  sheaves  so  arranged  that 
the  weight  in  the  car  produces  additional  tension  on  the  traction  rope. 
The  car  rope  is  carried  over  a  sheave  mounted  on  a  movable  plat- 
form, hinged  on  one  end,  the  tension  rope  being  attached  to  the  other 
end  of  the  platform.  As  the  weight  in  the  car  increases,  the  moving 
platform  increases  the  strain  on  the  tension  rope.  Consequently  the 
heavier  the  load  the  greater  will  be  the  traction  of  the  driving  sheave. 

For  the  general  requirements  of  high  duty  machines,  none  of  these 
special  devices  with  their  resultant  complications  are  however  needed, 
and  it  is  well  that  this  is  the  case,  since  the  great  advantage  of  the  ma- 
chine is  its  simplicity.  It  is  reduced  to  the  least  possible  parts,  and 
the  principal  part  of  the  machine  (the  motor)  being  of  ample  size, 
and  running  at  a  speed  of  about  60  revolutions  per  minute  is  subject 
to  a  minimum  of  wear,  so  that  in  addition  to  its  other  good  features 
it  may  safelv  be  assumed  that  it  will  have  a  long  life  and  small  repair 
bills. 

The  ropes  used  are  preferably  ^  in.  in  diameter,  which  allows  the 
use  of  driving  sheaves  of  from  30  to  40  in.  diameter.A  driver  of  36 
in.  on  a  motor  making  63  revolutions  per  minute  gives  a  car  speed  of 
about  600  ft  per  minute.  A  motor  of  this  kind,  for  a  full  load  run- 
ning duty  of  about  35  H.  P.  can  readily  be  made  to  give  as  high  an 
efficiency  as  87%,  and  over  80%  for  a  range  of  6  to  40  H.  P.  This 
comparatively  high  efficiency  for  the  size  of  motor  is  due  to  the  ab- 
sence of  iron  losses,  which  are  vanishing  on  account  of  the  slow  speed. 
Copper  losses  and  the  mechanical  friction  of  the  bearings  are  higher 
than  in  the  small  high  speed  motor,  but  it  will  be  readily  seen  that  the 
copper  losses  can  be  reduced,  if  desired,  by  making  the  motor  some- 
what larger,  allowing  more  space  for  copper.  The  characteristic 
here  shown  compares  favorably  with  the  usual  high  speed  elevator 
motor,  and  it  will  probably  be  found  that  for  commercial  require- 
ments it  will  answer  the  purpose,  the  increase  of  first  cost  offsetting 
the  gain  in  efficiency  of  operation  for  a  larger  and  more  efficient 
motor. 

Whether  the  1:1  Traction  Electric  Elevator  will  permanently  take 
the  place  of  the  established  hydraulic  for  high  class  office  building 
service,  depends  on  the  ability  to  show  that  it  is  as  safe  as  the  hydrau- 
lic, and  more  economical  and  efficient  in  operation.  A  study  of  the 
machines  installed  will  enable  us  to  form  a  fair  judgment  on  these 
points. 

The  safety  of  the  machine  depends  on  the  motor,  the  method  of 
control  and  auxiliary  safety  devices. 

The  motors  used  have  been  either  compound  wound  or  shunt 
wound.  If  compound  wound  the  series  field  is  used  for  starting 
only,  and  care  is  taken  that  it  is  effectively  short-circuited  before  full 
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speed  has  been  attained,  so  that  under  all  conditions  a  shunt  wound 
motor  is  used  for  the  running  duty;  and  shunt  wound  motors 
will  run  with  only  moderate  variation  of  speed  from  full  load  up  to 
full  load  down.  The  motor  therefore  gives  in  itself  a  good  speed 
regulation. 

The  controllers  that  have  been  used  with  these  machines  are  of  the 
magnet  type,  where  a  small  switch  on  the  car  controls  a  number  of 
magnets,  which,  by  opening  or  closing  contacts,  establish  the  circuit 
to  the  motor  and  its  auxiliary  resistances.  One  type  of  control  is 
shown  in  diagramatic  form  in  Fig.  6.     Its  principal  parts  are : 

Potential  Switch. 

Reversing  Switch. 

Fast  and  Slow  Speed  Magnets. 

Accelerating  Magnet ;  and 

Load  Magnet. 
The  reversing  switch  makes  and  breaks  the  current  on  its  upper 
contacts  and  leads  the  current  in  the  proper  direction  to  the  armature 
through  its  bottom  contacts.  The  fast  and  slow  speed  magnets  allow 
the  operator  to  run  at  full  speed  or  reduced  speed,  and  at  the  same 
time  graduate  the  current  when  starting  and  stopping.  The  accel- 
erating magnet  with  its  multiple  of  armatures,  accelerates  the  car 
automatically  to  full  speed  by  short-circuiting  the  starting  resistance 
as  the  speed  and  electro-motive  force  of  the  motor  increase ;  the  spool 
being  connected  to  the  motor  armature  magnetizes  the  core  of  the 
magnet  in  proportion  to  the  electro-motive  force  of  the  motor  arma- 
ture;  and  the  magnet  armatures  being  adjusted  to  different  distances 
from  the  core,  will  be  attracted  one  after  another  as  the  magnetiza- 
tion of  the  core  increases.  The  short-circuiting  of  the  starting  re- 
sistance and  the  series  field  is  therefore  absolutely  automatic,  inde- 
pendent of  the  operator,  or  of  any  mechanical  dashpot. 

The  load  magnet  with  its  series  of  armatures  establishes  a  current 
in  parallel  to  the  motor  armature.  This  circuit  preferably  contains 
an  extra  field  winding  of  the  motor,  which  answers  the  double  purpose 
to  increase  the  magnetization,  and  by  its  inductive  effect,  to  prevent 
a  sudden  rush  of  current,  as  the  different  steps  of  the  operation  are 
made,  giving  a  smooth  change  of  speed  to  the  car. 

The  load  magnet  fills  the  important  requirement  to  stop  the  car 
automatically  at  the  top  and  bottom  limits  of  travel  for  all  loads 
within  a  limited  distance.  This  is  accomplished  by  making  the  auto- 
matic stop  device  operate  in  three  steps.  As  the  car  approaches  the 
limit  of  travel,  a  switch  in  the  hatchway  is  opened  and  thereby  a  cer- 
tain amount  of  resistance  is  placed  in  series  with  the  armature  and 
the  circuit  in  parallel  to  the  armature  is  closed,  containing  prefera- 
'  bly,  as  stated,  an  extra  field  coil.  This  operation  reduces  the  speed 
of  the  motor  to  a  variable  amount,  depending  upon  the  load  in  the  car. 
A.  heavy  load  down,  will  produce  a  small  reduction,  and  a  light  loao 
down  a  great  reduction  in  speed.  As  soon  as  this  variable  speed  has 
had  time  to  establish  itself  the  car  comes  to  a  second  switch  in  the 
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hatchway,  which  closes  the  circuit  of  the  energizing  spool  of  the 
load  magnet.  This  is  connected  to  the  terminals  of  the  motor  arma- 
ture. It  consequently  becomes  energized  according  to  the  potential 
of  the  motor  armature  at  the  moment  when  its  circuit  is  made,  and 
this  potential,  as  explained,  varies  with  the  load.  The  load  magnet 
will  consequently  close  more  or  less  of  its  armatures,  in  accordance 
with  the  potential  of  the  motor,  or  the  load  on  the  car.  With  a  heavy 
load  down  all  the  magnet  armatures  will  be  closed,  and  with  a  heavy 
load  up  none  of  the  magnet  armatures  will  be  closed.  The  resistance 
in  the  circuit  in  parallel  to  the  motor  armature,  will  therefore  be 
varied  inversely  as  the  load,  so  that  the  slow-down  speed  of  the  motor 
can  be  regulated  to  be  the  same  for  all  loads,  or  the  motor  can  even  be 
given  a  slower  speed  for  heavy  loads  down  than  for  light  loads.  This 
load  magnet  provides  means  to  make  a  safe  automatic  stop  from  high 
speeds  in  a  short  distance,  consequently  with  small  loss  of  time  and 
power. 

With  these  highly  efficient  machines,  the  cars  can  start  from  rest 
without  the  application  of  power,  on  removal  of  the  brake.  To  pre- 
vent the  brake  from  being  released  before  the  power  of  the  motor  is 
established,  a  magnet  is  introduced  which  controls  the  brake  circuit. 
It  closes  only  under  the  action  of  the  armature  current.  Conse- 
quently the  armature  current  must  be  established  before  the  brake 
can  be  released. 

A  wiring  diagram  is  shown  in  Fig.  7  with  some  variations  from 
the  above,  in  the  arrangement  of  the  slow-down  magnets.  This  is 
used  where  it  is  deemed 'desirable  to  provide  the  operator  with  means 
of  running  at  a  great  variety  of  speeds,  from  a  very  slow  speed  up 
to  the  full  speed.  The  reversing  switch  and  the  accelerating  magnet 
are  the  same  as  before.  The  installations  for  which  this  controller 
has  been  used  are  provided  with  shunt  motors ;  no  series  field  is  con- 
sequently shown ;  also  no  extra  field  winding.  The  slow  speed  is 
made  by  variation  of  resistance  in  series  with  the  armature,  and  in 
parallel  to  the  armature,  and  by  increasing  the  strength  of  the  shunt 
field.  For  this  four  magnets  are  provided,  which  on  their  upper 
contacts  control  resistance  in  series,  and  on  the  lower  contacts  resist- 
ance in  parallel  to  the  motor  armature.  The  spools  energizing  these 
magnets  are  under  control  of  the  operator  in  the  car  as  well  as  under 
the  control  of  the  automatic  stop  motion  for  top  and  bottom  landings. 
With  the  circuits  of  all  the  spools  broken,  the  four  upper  contacts  are 
opened,  and  the  four  lower  contacts  closed,  giving  the  maximum 
resistance  in  series  to  the  armature,  and  the  minimum  resistance  in 
parallel  to  the  armature,  with  very  slow  resultant  speed  of  the  ma- 
chine. 

By  moving  the  car  switch  to  right  or  left  one  after  the  other  of 
the  slow  speed  magnets  close  their  upper  contacts  and  open  the  lower 
contacts,  decreasing  resistance  in  series  with  the  armature,  and  in- 
creasing resistance  in  parallel  to  the  motor  armature,  establishing 
at  the  same  time  the  magnetizing  circuit  of  the  accelerating  magnet, 
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which,  as  in  the  previous  controller,  automatically  as  the  speed  of  the 
motor  increases  short-circuits  all  the  starting  resistance.  The  reverse 
takes  place  in  slowing  down,  either  under  the  action  of  the  car  switch 
or  the  automatic.  If  under  the  action  of  the  automatic  stop,  whether 
with  a  heavy  load  going  up,  or  empty  car  going  down,  the  speed 
reduction  should  become  too  great,  the  small  auxiliary  load  magnet 
connected  to  the  motor  armature,  closing  its  contacts,  re-energizes 
some  of  the  low  speed  magnets,  thereby  reducing  the  resistance  in 
series,  and  increasing  the  resistence  in  parallel  to  the  motor  armature, 
which  automatically  speeds  up  the  motor  again  until  the  limit  of  travel 
is  reached,  where  the  reversing  switch  is  opened  and  the  brake  is 
dropped,  stopping  the  elevator. 

To  insure  perfectly  reliable  operation,  a  number  of  electrically 
operated  safety  devices  are  installed,  which  let  in  case  any  of  the 
standard  parts  of  the  operating  device  should  fail.  A  potential 
switch  on  the  controller,  which  is  closed  as  long  as  the  power  is  es- 
tablished, provides  sure  and  quick  independent  means  of  breaking 
the  main  line  current,  dropping  the  brake,  and  giving  a  powerful 
dynamic  brake  action  to  the  motor.  It  is  called  into  action  by  limit 
switches  in  the  hatchway,  placed  beyond  the  usual  travel  of  the  car. 
A  safetv  switch  in  the  car,  which  is  connected  to  this  potential  switch 
circuit,  enables  the  operator  to  stop  the  car  at  any  time  by  means  of 
this  switch,  if  the  car  through  any  disarrangement  of  the  circuits 
should  not  respond  to  the  car  switch. 

A  governor  switch  is  provided  to  slow  down  or  stop  the  car  in  case 
the  speed  from  any  cause  whatsoever  should  exceed  the  maximum 
speed  for  which  the  machine  is  intended.  An  excess  potential  magnet 
is  sometimes  provided,  either  to  slow  down  or  to  stop  the  car.  in 
case  of  excess  of  speed,  resulting  in  increase  of  potential  on  the  motor 
armature.  This  is  a  magnet  with  normally  closed  contacts.  Its 
magnetizing  coil  is  connected  to  the  armature  terminals.  If  through 
excessive  speed  the  potential  of  the  armature  is  raised  above  the 
maximum  contemplated,  this  magnet  opens  its  contacts,  thereby 
breaking  a  circuit,  of  either  a  slow  speed  magnet,  or  a  circuit  which 
stops  the  machine,  whichever  is  deemed  the  most  desirable. 

The  mechanical  brake  is  constructed  to  give  on  each  half  a  per- 
fectly independent  action.  Failure  of  any  part  of  the  brake  will 
consequently  leave  at  least  half  the  brake  power  available,  which  is 
sufficient  for  ordinary  service  even  with  an  inexperienced  operator, 
so  that  only  in  special  cases  will  it  be  desirable  to  install  an  additional 
safety  brake. 

The  automatic  slow-down  and  stop  switches  are  mounted  in  the 
hatchway,  where  they  are  operated  directly  by  the  car.  They  can 
consequently  not  get  out  of  adjustment,  but  are  bound  to  act  always 
at  the  proper  moment. 

The  elevators  are  provided  with  oil  buffers  under  the  counter- 
balance as  well  as  under  the  cars.  They  are  proportioned  to  take 
care  of  runaway  cars,  or  in  extreme  cases,  of  cars  getting  beyond 
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control  and  running  the  maximum  speed  they  can  attain  under  the 
action  of  gravity.  These  buffers  give  protection  against  injury 
when  all  other  safety  devices  have  failed  to  act.  After  either  car  or 
counterbalance  have  landed  on  the  buffers  the  tension  of  the  driving 
rope  is  eased,  and  therefore  the  driving  sheave  even  if  the  motor 
should  keep  on  running,  cannot  break  the  rope  by  straining  the  car  or 
counterbalance  against  the  overhead  beams. 

The  usual  Speed  Governor  and  Emergency  Lever,  operating  a 
safety  clutch  device  under  the  car  is  used,  as  on  all  other  high  class 
elevators. 

A  comparison  of  the  economy  of  operation  of  the  hydraulic  and 
electric  elevators  has  led  to  frequent  discussion  without  coming  to 
any  definite  conclusion,  on  account  of  the  variation  of  power  con- 
sumed by  the  electric  elevator  due  to  the  design  of  the  motor,  its 
method  of  control,  and  the  service  to  be  performed. 

Electric  elevators  consume  power  in  proportion  to  the  duty  done, 
which  gives  a  decided  advantage  over  the  hydraulic  elevators  where 
the  same  amount  of  water  is  used  independent  of  the  duty,  and  where 
(except  in  a  few  special  cases)  the  same  amount  of  pressure  is  also 
used.  On  the  other  hand,  this  is  not  a  clear  gain  against  the  hydrau- 
lic, since  the  electric  elevator  consumes  extra  power  for  starting, 
and  in  some  cases  for  stopping,  and  has  a  low  efficiency  at  re- 
duced speed.  These  radically  different  characteristics  of  the  two 
types  of  elevators  make  a  fair  comparison  difficult,  but  by  considering 
broadly  the  general  conditions,  we  can  readily  see  which  type  must 
have  the  advantage. 

A  number  of  curves  (Figs.  8,  9,  and  10)  taken  on  an  actual  ma- 
chine by  a  recording  ameter  illustrates  the  importance  of  the  differ- 
ent operations  better  than  figures  can  do  it.  They  show  at  a  glance 
the  wide  variation  in  power  consumption  under  different  conditions 
of  operation. 

In  a  paper  read  by  Mr.  Thomas  E.  Brown  before  the  American 
Society  of  Civil  Engineers  in  1904  data  for  different  hydraulic 
elevators  are  given,  which  will  be  used  here  for  a  comparison.  He 
finds  that  the  vertical  high  pressure  machine  has  the  best  economy 
of  all  types  of  hydraulic  machines,  and  quotes  the  following  figures : 

Maximum   load-L    2500  lbs. 

Speed  in  feet  per  minute  with  maximum  load 250  ft 

Speed  in  feet  per  minute  with  1500  lbs.  load 600  ft. 

Rise   of   car    200  ft. 

Weight  of  car  3400  lbs. 

Unbalanced. weight-U 1  *48  lb<?- 

Length  of  gravity  stop-S 8  ft. 

L-f(L  +  U) 0.685 

Mechanical  efficiency    0.832 

Load  efficiency °  •  57° 

Hydraulic  efficiency  with  full  load °"'' 

Final  net  efficiency   0.547 
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The  electric  I  :i  traction  machine  for  the  same  load  and  600  ft. 
maximum  speed  will  have  at  least  the  same  mechanical  efficiency, 
since  the  armature  and  idler  friction  must  be  less  than  the  multiply- 
ing sheaves,  piston,  pipes  and  valves.  There  is  no  loss  for  unbal- 
anced weight,  while  the  motor  efficiency  for  full  load  is  about  84%, 
which  gives  the  electric  machine  when  running  full  speed  a  final  net 
efficiency  of  70%  against  about  55%  for  the  vertical  high  pressure 
hvdraulic  machine. 


JTtg.S 

These  figures  cover  the  full  load  running  duty ;  that  is,  full  load 
up  and  empty  car  down,  for  both  types,  the  electric  being  half  full 
load  overcounterbalanced.  Under  these  conditions  the  electric  shows 
15%  better  efficiency  than  the  hydraulic. 


This  condition  is  represented  on  the  straight  part  of  the  up  curve 
on  Figs.  8,  and  9.  The  peak  on  Fig.  8  shows  the  extra  power  taken 
at  starting,  and  the  two  peaks  on  Fig.  9  the  power  taken  for  starting 
and  for  the  automatic  stop  by  first  going  on  slow  speed.  In  Fig.  8  the 
stop  is  made  from  the  car  from  full  speed,  so  that  no  extra  power  is 
taken  from  the  line,  the  dynamic  brake  power  being  supplied  by  the 
moving  motor. 

If  the  motor  and  controller  were  designed  to  keep  the  peak  at 
starting,  and  the  peak  for  the  automatic  stop,  not  to  exceed  15%  over 
the  full  load  running  power,  we  would  have  for  the  electric  traction 
machine  with  full  load  up  and  no  load  down,  making  stops  at  all 
floors,  the  same  power  consumption  as  is  required  for  the  best  hydrau- 
lic with  all  loads.     This  operation  is  shown  on  up  curve  Fig.   10, 


I hid e r — Electric  Elevators. 


3K.-> 


where,  with  a  stop  at  every  floor,  starting  current  only  is  recorded, 
the  distance  not  being  sufficient  to  bring  the  machine  to  running 
duty ;  but  since  the  elevator  for  an  average  in  a  day's  run  lowers  as 
many  passengers  as  are  raised,  and  does  not  stop  at  every  floor,  the 
power  consumption  will  be  an  intermediate  between  the  curves  of 
Figs.  8.  9,  and  10,  so  that  even  with  a  starting  and  stopping  peak 
greatly  in  excess  of  the  15%  considered,  the  all  day  power  consump- 
tion for  a  well  designed  1  :i  electric  traction  machine  must  be  con- 
siderably lower  than  that  required  for  the  same  duty  hydraulic  ma- 
chine. How  great  this  gain  will  be,  depends  on  the  starting  torque  of 
the  motor,  the  type  of  controller  used,  and  the  number  of  stops  made. 
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Regarding  the  efficiency  of  service,  comparison  between  similar 
elevators  confirms  the  theory  that  the  electric  traction  machine  gives 
a  quicker  start  and  stop,  and  does  not  have  the  great  reduction  of 
speed  for  heavy  loads  which  we  find  in  the  hydraulic  machine. 

For  the  comparison  as  to  the  power  consumption,  we  have  above 
assumed  that  the  peak  for  the  power  at  starting  should  not  exceed 
15%  over  the  full  load  running  power.  There  is,  however,  nothing 
to  prevent  us  from  increasing  the  starting  current  to  a  greater 
amount,  thereby  increasing  the  rate  of  acceleration  without  increas- 
ing materially  the  power  consumption.  This  can  be  readily  carried 
to  the  limit  which  is  compatible  with  the  comfort  of  the  passengers. 

The  ascending  gravity  stop  in  the  high  pressure  hydraulic,  where 
as  the  machines  are  generally  installed  no  advantage  can  be  taken 
of  retarding  the  piston,  depends  on  the  unbalanced  weight  of  the  ear. 
which  has  to  overcome  the  momentum  of  the  moving  masses. 

This  is  in  the  quoted  case  a  distance  of  8  feet  with  1148  lbs.,  unbal- 
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anced  weight.  In  the  electric  machine,  since  the  driving  sheave  as- 
sists in  arresting  the  descending  mass,  the  gravity  stop  can  be  made 
in  as  short  a  distance  as  the  comfort  to  the  passengers  allows. 

The  electric  traction  machine  with  its  quick  start  and  stop  and  small 
speed  reduction  with  load  will  consequently  give  more  rapid  service 
with  less  expense  than  the  hydraulic  machine  ;  and  since  it  can  be  con- 
sidered as  safe  as  the  hydraulic,  we  may  confidently  look  forward  to 
its  general  adoption  in  buildings  requiring  high  speed  service. 

Discussion. 

Mr.  D.  W .  Roper,  m.w.s.e.,  chairman.  Elevators  for  high  build- 
ing have  long  been  considered  the  cream  of  the  elevator  business,  and 
as  the  architects,  in  their  developments  for  building  construction,  add 
a  few  more  stories,  the  elevator  men  in  turn  make  such  changes  in 
their  apparatus  as  will  meet  the  requirements  for  those  high  build- 
ings. I  believe  that  the  electric, and  hydraulic  elevator  people  have 
had,  for  many  years,  the  high  building  trade,  and,  as  has  been  re- 
marked in  this  paper,  the  hydraulic  elevator  was,  for  a  time,  in  the 
lead.  It  is  now  hoped  and  contended  by  the  electric  elevator  men 
that  they  have  an  elevator  system  which  is  the  equal  of  the  best  that 
can  be  furnished  by  the  hydraulic  elevator  people.  That  is  possibly 
a  point  which  the  hydraulic  elevator  men  will  not  admit  without  dis- 
cussion and  it  is  hoped  to  have  that  point  brought  out  this  evening. 

Mr.  Ernest  F.  Smith,  m.w.s.e.  I  would  ask  what  the  average 
consumption  of  current  is,  in  kilowatt  hours  per  car  mile,  of  the  type 
of  elevator  described  this  evening. 

Mr.  H.  Russel  Smith:  I  think  perhaps  the  best  way  to  answer  that 
question  is  to  give  the  results  of  a  test  made  on  an  elevator  in  actual 
service.  During  the  six  days'  run,  averaging  practically  20  miles  a 
day,  the  average  current  consumption  was  2.67  kilowatt  hours  per 
car  mile.  Under  tests  made  with  fewer  stops  the  current  consump- 
tion fell  below  2,  kw.  hr.,  but  the  results  in  taking  the  tests  were  not 
as  valuable,  from  the  standpoint  of  the  user,  as  those  taken  of  the 
week's  run. 

Mr.  S.  M.  Bushnell,  m.w.s.e.  :  I  have  been  much  interested  in  the 
paper  this  evening.  I  can  remember  very  well  when  the  electric 
elevator  was  first  brought  to  my  attention,  and  it  is  somewhat  of  a 
coincidence  that  the  gentleman  who  read  Mr.  Ihlder's  paper  this  even- 
ing is  the  one  who  first  came  into  our  office  to  talk  electric  elevators. 
At  that  time  the  central  station  company  was  a  little  in  doubt  as  to 
whether  the  electric  elevator  was  something  they  wished  to  connect 
to  their  system.  The  sudden  starting  and  stopping,  the  sudden  in- 
rushing  of  the  current  required— also  the  variation  in  load — were 
things  which  at  that  time  did  not  appeal  to  the  central  station  mana- 
ger, but  as  time  has  gone  by  it  has  been  found  that  the  elevator  load 
on  the  central  station  is  one  of  the  best  classes  to  be  had ;  the  variation 
in  individual  elevators  is  counterbalanced  by  other  elevators  working 
at  the  same  time,  so  that  the  elevator  load  gives  us  nearly  a  straight 
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line  on  a  central  station  load  chart.  The  electric  elevator  might  be 
regarded  as  the  last  link  in  the  chain  of  complete  power  service  which 
may  be  supplied  either  from  the  large  electric  plant  or  from  the  cen- 
tral station.  Xo  one  supposed,  twenty  years  ago,  that  the  distribu- 
tion of  power  would  be  a  large  percentage  of  the  central  station 
business,  but  as  time  has  gone  by  we  have  found  that  one  field  after 
another  has  come  into  line,  until  the  electric  elevator  has  become  the 
only  thing  on  which  there  was  any  question. 

I  have  paid  some  attention  to  the  matter  of  efficiencies  of  elevators, 
and  have  collected  data  from  different  installations,  and  found  that  the 
average  kilowatt  consumption  of  the  hydraulic  elevator  operated  by 
electric  motor  was  about  double  that  of  direct  electric,  machines. 
This  conclusion  is  based  both  on  the  average  cost  of  small  elevators 
on  a  central  station,  and  also  on  tests  made  on  larger  elevator  in- 
stallations such  as  the  Chicago  Savings  Bank  building ;  the  store  of 
Carson,  Pirie.  Scott  &  Co.,  etc. 

I  was  much  interested  in  Mr.  Smith's  statement  regarding  the 
kilowatt  consumption  per  car  mile.  We  made  a  test  on  a  traction 
machine  here  in  the  city,  lasting  two  days,  and  during  that  time  the 
kilowatt  consumption  averaged  2.52  kw.  hr.  per  car  mile.  This  eleva- 
tor was  carefully  watched  during  that  time  and  exact  records  taken 
of  the  amount  of  current  consumed.  The  results  shown  by  the 
monthly  readings  of  meters  have  led  me  to  think  that  the  average 
consumption  on  traction  electric  elevators  in  ordinary  operation,  runs 
somewhere  between  2.52  and  3  kw.  hr.  per  car  mile. 

Mr.  John  IV.  Mabbs:  I  am  particularly  interested,  as  many  of  you 
know,  in  the  subject  of  elevators  for  high  buildings,  and  I  have  lis- 
tened with  interest  to  the  reading  of  Mr.  Ihlder's  paper  on  the  electric 
traction  elevator.  It  seems  to  me  that  in  the  machine  described  none 
of  the  dangers  of  the  electric  drum  machine  are  eliminated,  and  what 
is  worse,  this  elevator  does  not  keep  the  safety  features  of  the  drum 
machine,  but  operates  on  a  much  more  unsafe  basis.  In  the  first 
place  this  machine  does  not  do  away  with  the  dangers  of  counter- 
weights, which  are  acknowledged  by  all  to  be  one  of  the  greatest,  (if 
not  the  greatest)  sources  of  serious  accident.  It  seems  to  me  if  the 
traction  of  the  hoisting  ropes  on  the  driving  pulley  is  sufficient  to 
rai-e  a  heavily  loaded  car,  it  would  be  sufficient  to  pull  the  car  into 
the  overhead  work  in  one  direction,  or  pull  the  counterweights  out 
of  their  guides  in  the  other  direction,  in  case  of  failure  of  the  con- 
troller, and  resulting  in  the  possibility  of  serious  accident.  Further, 
it  is  an  utter  impossibility  to  put  mechanical  limit  stops  on  this  ma- 
chine, and  I  think  all  will  agree  with  me  that  the  car  is  not  the  proper 
place  for  installing  limit  stops.  Secondly,  this  machine  leaves  out 
the  safer  method  of  transmission  of  power,  viz.,  by  worm  gearing. 
and  installs  instead  practically  a  shaft  free  to  rotate  in  well  lubricated 
journals,  and  in  case  of  failure  of  current,  there  is  nothing  to  prevent 
the  precipitation  of  the  car  and  its  load  either  into  the  basement  or 
against  the  roof  timbers,  according  to  the  condition  of  load,  except  an 
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electro-mechanical  brake ;  it  seems  a  fatality  that  operating  mechani- 
cal devices  are  apt  to  fail  when  most  needed.  Another  dangerous 
feature  of  this  machine  is  that  all  the  power  required  to  lift  the  load 
is  applied  by  friction  to  the  lifting  cables,  which  cannot  help  but  seri- 
ously shorten  the  life  of  said  cables,  and  endanger  the  lives  of  the 
passengers  carried,  to  the  same   extent. 

I  wish  to  present  to  you  this  evening  (Fig.  n)  an  electric  elevator 
which  was  designed  particularly  for  high  buildings,  high  speed  and 
great  safety.  This  elevator  has  been  pronounced  by  able  casualty 
insurance  men  to  be  the  safest  electric  elevator  in  existence.  You 
will  see  by  referring  to  Fig.  n  that  the  machine  forms  the  counter- 
weight of  the  car  and  is  all  the  counterweight  there  is ;  it  is  a 
self-supporting  and  self-propelled  counterweight.  Its  construction 
is  more  clearly  shown  in  Fig.  12.  It  is  worm  geared  and  climbs  up 
and  down  two  vertical  columns  by  means  of  four  pinions  which  en- 
gage four  racks  mounted  on  the  two  vertical  columns.  These  pinions 
are  mounted  011  two  horizontal  shafts,  on  each  of  which  shafts,  is  a 
worm  gear,  which  is  actuated  by  a  worm  mounted  on  the  vertical 
armature  shaft  of  the  motor.  As  the  motor  ascends  the  car  descends 
and  vice-versa.  The  machine  is  geared  two  to  one,  so  for  every  foot 
the  machine  travels,  the  car  travels  two  feet,  consequently  the  machine 
hatchway  extends  but  half  the  height  of  the  building. 

In  addition  to  a  very  simple  and  reliable  system  of  automatic  stops 
at  both  ends  of  the  travel  of  the  machine,  it  is  provided  with  absolute 
mechanical  oil  buffers  at  both  ends  of  the  travel  (shown  in  Fig.  11), 
which  are  sufficient  to  take  care  of  the  machine  if  the  controller  and 
all  the  automatic  stops  should  fail,  making  it  an  utter  impossibility  to 
either  pull  the  car  into  the  overhead  work  or  drop  it  into  the  basement, 
or  to  put  a  strain  on  the  cables  greater  than  the  load  in  the  car.  All 
through  the  design  of  this  machine,  the  factor  of  safety  used  is  ex- 
tra great. 

The  speed  of  these  elevators,  in  operation,  ranges  from  540  ft.  to 
600  ft.  per  minute.  A  much  higher  speed  can  be  safely  given  if  de- 
sired. 

The  operation  of  these  elevators  is  ideal,  it  being  possible  to  reverse 
the  cars  at  full  speed  without  a  perceptible  pause  and  without  a  par- 
ticle of  shock  or  jar.  These  cars  will  start  and  stop  quicker  and  with 
less  disagreeable  sensation  than  any  hydraulic  elevator. 

One  of  these  elevators  has  been  in  constant  operation  in  the  Chi- 
cago Board  of  Trade  Bldg.  for  the  past  five  and  one-half  years,  and  to 
date  the  car  has  made  over  27,000  car  miles;  the  original  hoisting 
cables  are  still  in  service  and  in  good  condition.  The  reliability  of 
this  machine  is  shown  by  its  missing  only  one  day's  run  in  over  four 
years.  After  three  years  uninterrupted  service  by  this  first  machine, 
the  Directors  of  the  Chicago  Board  of  Trade  threw  out  the  other 
electric  elevators  previously  in  use  and  installed  four  more  of  these 
machines  (Fig.  13),  which  have  now  been  in  operation  over  two 
years,  and  in  that  time  one  machine  has  missed  but  one  day.    These 
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four  machines  in  a  single  year  showed  a  saving  over  the  electrical 
machines  they  replaced  of  $2,000  in  repairs,  Si. 440  in  current,  and 
Si,ooo  in  labor,  and  increased  the  elevator  service  4'V ,  .  The  repair 
bill  of  these  machines,  for  repairs  of  every  description,  including  ma- 
chines, controllers,  cables,  lights,  signals,  cars,  gates,  etc.,  has  aver- 
aged less  than  $85.00  per  elevator  per  year.  The  four  elevators 
shown  in  Fig.  13  made  22,874  car  miles  last  year,  or  469,939  trips, 
being  an  average  of  376  trips  per  elevator  per  day.  The  elevator  ser- 
vice in  the  Chicago  Board  of  Trade  Bldg.  is  pronounced  by  one  of 
the  ablest  and  best  known  elevator  and  electrical  men  in  this  coun- 
try, to  be  "the  severest  in  the  United  States,"  yet  under  these  con- 
ditions and  operating  at  the  high  speed  they  do,  the  average  current 
consumption  for  these  elevators  to  date  is  3.54  k.w.  per  car  mile. 
Fig.  14  shows  a  bank  of  the  controllers  which  are  full  magnet  control 
built  by  J.  L.  Shureman  &  Co.,  Chicago. 


Fig.   13. 

Mr.  Geo.  M.  Mayer,  m.W.S.E.  :  How  does  the  cost  of  installing  this 
electric  elevator  compare  with  that  of  other  types 

Mr.  Mabbs:  It  is  not  a  cheaper  elevator  to  install,  although  I  do 
not  think  others  ask  any  less  to  install  theirs,  except  when  compelled 
to  by  competition.  The  advantage  of  this  machine  is  that  it  is  dura- 
ble, reliable  and  safe. 

I  would  ask  Mr.  Smith  what  happens  to  his  car  it  the  current  ia 
suddenlv  shut  off  and  the  brakes  tail  to  act  ~: 
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Mr.  Smith:  About  the  same  thing  as  would  happen  to  yours,  only 
the  car  itself  lands  on  buffers,  and  would  undoubtedly  come  to  a 
standstill  in  a  better  way  than  if  allowed  to  dangle  on  ropes. 

Mr.  Mabbs:  This  machine  is  worm  gear  driven  and  it  would  be 
a  difficult  matter  to  overhaul  it. 

Mr.  Huston:  I  would  ask  Mr.  Mabbs  how  he  avoids  the  trouble 
of  noise  usually  found  with  gearing  apparatus? 


Fig.  14. 


Mr.  Mabbs:  With  this  machine,  when  properly  installed,  one  can 
stand  with  his  back  to  it  and  not  know  whether  the  machine  is  moving 
or  not.  The  gearing  runs  much  more  quietly  than  the  brushes  on  a 
commutator. 

Mr.  Mayer:  I  would  ask  in  regard  to  the  design  of  the  worm  gear- 
ing in  connection  with  Mr.  Mabbs'  car. 

Mr.  Mabbs:  The  worm  gearing  is  so  designed  that  when  the  car 
is  standing  still  it  will  not  start,  but  if  the  car  should  start  it  will 
overhaul  slowly — that  is,  with  a  maximum  load.  With  an  ordinary 
load  it  will  not  overhaul.  The  momentum  does  not  increase  as  the 
car  ascends  or  descends,  as  the  may  be. 
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Mr.  Mayer:  I  would  ask  Mr.  Smith  what  is  the  greatest  elevation 
to  which  they  have  elevators  running. 

Mr.  Smith:  iooo  feet.  The  elevator  which  Mr.  Mabbs  has  de- 
scribed might,  as  he  said,  be  extended  to  the  moon,  provided  he  could 
get  his  guides  there,  but  he  would  also  have  to  get  his  machinery 
construction  half  way  there,  and  there  might  be  some  difficulty  in  that. 

Mr.  A.  Schciblc,  m.w.s.e.  :  Does  anyone  know  what  type  of  eleva- 
tor that  is  being  placed  in  the  new  Singer  building  in  New  York ; 
and  in  the  Metropolitan  tower,  which  is  still  higher? 

Mr.  John  Blake:  The  question  of  efficiency  has  come  up,  and  my 
understanding  is  that  the  efficiency  of  the  hydraulic  elevator  was 
given  as  50  per  cent,  and  that  of  the  electric  elevator  as  70  per  cent. 
In  the  case  of  the  Standard  Plunger  elevator,  I  believe  the  efficiency 
is  considered  to  be  90  per  cent.  That  type  of  elevator  is  not  repre- 
sented here  tonight.  I  would  ask  how  far  back  that  efficiency  of  50 
per  cent  goes? 

Mr.  Smith:  The  efficiency  of  the  hydraulic  elevator  is  particularly 
hard  to  get  at  and  I  am  not  fully  qualified  to  answer  that  question.  The 
efficiency  of  an  hydraulic  elevator  goes  beyond  the  actual  mechanism 
for  operating  the  car.  As  stated  in  the  paper,  Mr.  Brown  selected  the 
highest  and  most  efficient  type  of  hydraulic  elevator,  which  is  known 
as  the  inverted  plunger  type.  The  only  packing  in  the  machine  is 
around  the  lower  end  of  the  plunger.  The  efficiency  of  operation  of 
an  hydraulic  plant  goes  back  to  the  pumps ;  an  hydraulic  plant  being 
operated  either  with  steam  pumps  or  pumps  operated  by  electric  mo- 
tors. Mr.  Brown  figured  that  it  takes  double  the  current  to  do  the 
same  work  with  hydraulic  elevators  and  electrically  driven  pumps, 
that  it  would  with  direct  connected  electric  elevator  apparatus,  of  the 
drum  type,  and  that  is  very  easy  to  see,  as  the  electric  elevator  con- 
sumes power  approximately  in  proportion  to  the  work  done.  All  elec- 
tric elevators  are  over-balanced  to  about  one-half  of  the  live  load  and 
that  would  cut  the  figure  in  two.  If  we  put  in  a  large  plant  of  eleva- 
tors— six,  eight  or  ten — and  operate  them  on  regular  schedule,  and 
put  in  for  their  operation  a  high  duty  pump,  using  steam,  with  a  large 
degree  of  economy,  then  it  is  susceptible  of  demonstration  that  such  a 
plant  will  operate  with  less  consumption  of  power  than  any  electric 
elevator  devised,  but  for  small  plants  or  those  doing  irregular  service, 
the  operation  of  an  hydraulic  plant  is  not  economical.  One  or  two 
elevators  requiring  a  pumping  plant  will  cost  considerably  more  for 
installation  than  electric  elevators  doing  exactly  the  same  work.  For 
that  reason  the  electric  elevator  has  made  a  great  advance  during  the 
last  fifteen  years,  and  has  displaced  the  hydraulic  elevator  where  it 
is  possible  to  get  current,  or  where  some  other  question  does  not  make 
the  selection  of  an  hydraulic  elevator  preferable  to  the  electric 
elevator. 

Mr.  Scheible:  Several  of  the  speakers  tonight  have  referred  to 
the  kilowatts  per  car  mile  required,  without  specifying  the  size  of  the 
car  or  average  number  of  passengers.    Are  we  to  understand  that  the 
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variations  in  the  size  of  the  car  or  average  number  of  passengers  con- 
stitute so  small  a  percentage  as  to  be  negligible? 

Mr.  Mabbs:  The  cars  of  the  Mabbs  elevator  are  considerably 
larger  than  most  of  the  cars  in  the  city  (36  square  feet)  and  they 
carrv  a  great  many  more  passengers  than  any  traction  elevators  I 
know  of.  Three  of  the  traction  elevators  in  this  city  carry  300  pas- 
sengers in  an  hour  during  their  busy  period,  whereas  three  of  the 
Mabbs  cars  often  carry  that  number  in  10  to  15  minutes. 

Mr.  Junkersfeld:  I  would  ask  what  was  the  controlling  reason  for 
using  the  electric  elevator  in  the  47-storv  Singer  building  in  New 
York. 

Mr.  Smith:  The  selection  of  a  type  of  elevator  for  the  Singer  build- 
ing was  determined  after  a  very  thorough  investigation.  I  think  it 
is  easily  proven  that,  as  far  as  safety  is  concerned,  the  traction  type 
of  elevator,  as  described,  has  as  many  elements  of  safety  as  the  hy- 
draulic type,  and  is  just  as  safe.  The  Singer  building,  as  I  under- 
stand it,  was  so  designed  as  to  make  the  installation  of  hydraulic  ma- 
chinery undesirable ;  it  also  has  a  much  higher  rise  than  ordinary 
elevators  have  been  built  for  and  a  combination  of  these  reasons 
led  to  the  selection  of  the  traction  type  of  elevator  for  the  purpose. 

Mr.  F.  G.  Cox:  I  think  the  chief  factor  which  decided  the  selection 
of  the  traction  type  of  elevator  for  the  Singer  Building  was  the  small 
amount  of  space  required  for  this  installation.  The  peculiar  design  of 
this  building  made  an  hydraulic  installation  out  of  the  question,  owing 
to  lack  of  room  in  the  basement. 

In  deciding  upon  a  type  of  machine  for  overhead  installation  the 
drum  type  would  have  caused  trouble  on  account  of  the  length  of 
drum  required  for  the  high  rise  and  consequently  excessive  width  of 
hatchway  necessary.  The  traction  type  seems  to  be  just  the  machine 
required  on  account  of  its  compactness,  simplicity,  small  number  of 
parts  and  efficiency  in  operation,  and.it  seems  that  this  type  is  the  only 
available  machine  which  would  suit  the  conditions  of  that  building  and 
of  all  high  office  buildings  where  space  is  of  considerable  importance. 

Mr.  ll'm.  B.  Jackson,  m.w.s.e.  :•  It  would  be  interesting  to  know 
how  much  return  of  current  there  actually  would  be  in  such  an  ele- 
vator as  described. 

Mr.  Smith:  It  depends  somewhat  on  the  form  of  meter  the  power 
company  puts  in  ;  also  on  the  preponderance  of  load  in  either  direction. 
In  the  Marshall  Field  building  they  have  a  very  peculiar  service. 
They  have  various  banks  of  elevators  to  carry  people  up,  and  other 
6anks  to  carry  them  down.  They  are  electric  elevators,  and  it  may  be 
that  the  elevator  in  going  up  empty  would  pump  current  back  into  the 
lines.  Whether  the  meter  which  has  been  put  in  by  the  power  com- 
pany has  been  fixed  to  take  care  of  that.  I  do  not  know.-  I  know  it  is 
true  to  some  extent  that  the  meters  are  reversed. 

Mr.  Roper:  The  lighting  company  does  not  have  meters  on  the 
individual  elevator  but  on  the  bank  of  elevators. 

Mr,  Bushnell:    Mr.  Pearson,  the  Electrician  for  the  Marshall  Field 
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Company,  has  made  very  careful  tests,  but  they  are  not  yet  in  shape 
for  publication. 

Mr.  Schcible:  I  heard  Mr.  Cravath  remark  about  some  sort  of  a 
differential  scheme  of  electric  elevators  which  was  in  use  for  some 
time  in  certain  Chicago  buildings  and  which  was  uncommonly  effi- 
cient. Can  he  tell  us  why  this  was  abandoned,  or  at  least  not  more 
widely  adopted? 

Mr.  Cravath:  Mr.  Smith  can  probably  answer  that  question  better 
than  I  can. 

Mr.  Smith:  The  principle  of  the  apparatus  is  two  motors,  one 
mounted  above  the  other,  with  double  traction  apparatus.  With 
these  motors  it  is  possible  to  get  much  greater  variations  of  speed 
than  with  the  type  we  have  been  talking  about.  It  was  difficult  to 
find  any  rope  that  would  stand  the  strain  of  running  at  high  speed 
over  the  pulleys  of  comparatively  small  diameter,  and  this  type  of 
apparatus  has  practically  been  given  up. 

Mr.  Mayer:  Both  Mr.  Smith  and  Mr.  Mabbs  have  emphasize  1 
the  point  regarding  safety.  I  have  heard  that  there  are  cars  equipped 
with  a  device,  so  that  the  car,  in  falling,  would  be  acting  like  a  piston. 
Can  anyone  here  say  anything  along  that  line  ? 

Mr.  Roper:  I  believe  some  elevators  of  that  type  have  been  in- 
stalled. 

Mr.  Mabbs:  The  name  of  that  device  is  the  Ellithorpe  air  cushion. 
It  is  constructed  by  making  the  lower  part  of  the  elevator  shaft  air- 
tight and  of  sufficient  length  below  the  bottom  landing  to  insure  stop- 
ping the  car  by  compressing  the  air  before  it  reaches  the  bottom,  and 
undoubtedly  it  is  the  safest  device  one  can  put  under  a  car  in  case 
of  failure  of  ropes  or  anything  of  that  kind. 

,  Mr.  T.  W .  Hecrmans:  I  expect  to  see  the  electric  elevator  take 
the  place  of  many  of  the  hydraulic  elevators  now  used.  I  first  went 
into  the  hydraulic  elevator  business  over  twenty  years  ago.  There 
are  many  such  in  this  city  which  have  been  running  over  twenty  years 
and  are  doing  good  service,  but  unless  they  are  provided  with  an  eco- 
nomical pumping  plant  they  are  much  more  expensive  to  operate  than 
the  electric  type. 

Mr.  Mayer:  Why  is  it  that  the  safety  devices  provided  in  the 
cars  sometimes  fail  to  act? 

Mr.  Smith:  That  is  just  what  the  elevator  men  are  trying  to  find 
out.  Often  the  fault  is  due  to  the  men  caring  for  the  elevator,  who  do 
not  keep  the  device  in  readiness  for  operation. 

I  think  the  hydraulic  elevator  will  be  used  for  some  time  to  come, 
when  we  consider  that  at  present  there  is  several  million  dollars 
worth  of  property  in  process  of  construction,  where  only  these  eleva- 
tors are  considered  so  far.  For  certain  purposes  they  seem  to  fill  the 
bill  better  than  others. 
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This  paper  will  give  the  results  of  tests  made  on  cast  iron  pipes 
and  reinforced  concrete  pipes  in  the  Laboratory  of  Applied  Me- 
chanics of  the  University  of  Illinois.  The  pipes  used  in  the  tests 
were  furnished  by  the  five  railroad  companies  which  co-operated  with 
the  University  of  Illinois  Engineering  Experiment  Station  in  the 
work,  and  acknowledgment  is  made  to  the  Atchison,  Topeka  &  Santa 
Fe  Ry.  System,  Chicago,  Burlington  &  Quincy  R.  R.  Co.,  Chi- 
cago, Milwaukee  &  St.  Paul  Ry.  Co.,  Chicago,  Rock  Island  &  Pacific 
Ry.  Co.,  and  Illinois  Central  R.  R.  Co.,  for  this  and  other  favors 
extended.  Messrs.  D.  A.  Abrams  and  W.  R.  Robinson  of  the  Engi- 
neering Experiment  Station  gave  valuable  assistance  in  the  investiga- 
tion. The  tests  were  made  between  November,  1906,  and  January, 
1908.  The  work  was  an  outgrowth  of  certain  thesis  investigations 
upon  the  strength  of  concrete  rings  and  reinforced  concrete  rings, 
the  data  of  a  part  of  which  are  included  in  this  paper.  Further  de- 
tails of  the  tests  will  be  given  in  a  bulletin  of  the  Engineering  Experi- 
ment Station  soon  to  be  issued,  but  it  is  felt  that  the  members  of  the 
Society  may  be  interested  in  having  the  results  presented  in  con- 
densed form  without  further  delay. 

The  tests  were  intended  to  throw  light  upon  the  strength  of  pipes 
placed  in  railroad  embankments,  but  the  results  may  be  useful  in 
discussions  of  sewers  and  other  similar  forms  of  construction.  The 
main  tests  were  made  with  a  specially  prepared  testing  apparatus 
which  included  a  box  of  strong  and  stiff  construction,  and  the  pipes 
were  embedded  in  sand  and  the  load  applied  through  a  saddle  which 
rested  on  a  sand  cushion.  Auxiliary  tests  were  made  to  connect  the 
investigation  with  the  action  of  the  pipes  in  other  methods  of  test- 
ing. Thus,  rings  which  were  cut  from  the  spigot  ends  of  the  cast- 
iron  pipe  were  tested  under  concentrated  load,  and  small  test  pieces 
were  also  cut  out  and  tested.  Short  rings  of  concrete  and  reinforced 
concrete  were  tested,  both  under  concentrated  load  and  under  dis- 
tributed load.  In  different  ways  these  auxiliary  tests  served  to  check 
up  the  phenomena  of  the  tests  of  the  pipes  and  to  assist  in  interpret- 
ing the  action  of  the  testing  apparatus,  the  distribution  of  the  load, 
and  the  resisting  strength  of  the  structures  themselves. 

MECHANICS    OF    PIPES    AND    RINGS    SUBJECT    TO    EXTERNAL   PRESSURE. 

Bending  Moment  and  Conditions  of  Loading. — The  stresses  devel- 
oped in  rings  subject  to  external  earth  pressure,  as  in  sewers  and 
railroad  culvert  pipes,  are  of  course  dependent  upon  the  bending  mo- 
ments developed,  and,  as  the  exact  load  coming  upon  the  ring  and 
its  distribution  over  the  surface  are  difficult  to  determine,  the  bend- 

376 


Talbot — Tests  of  Culvert  Pipe.  377 

ing  moment  is  in  general  quite  uncertain.  The  amount  of  the  load 
and  its  distribution,  and  therefore  the  bending  moments  on  different 
parts  of  the  ring,  depend  upon  a  number  of  conditions,  among  them 
the  nature  of  the  earth  used  in  the  filling,  the  method  of  bedding  the 
pipe,  the  way  of  tamping  the  earth  at  the  sides,  the  amount  of  the 
lateral  restraint  or  pressure  of  the  earth  horizontally,  the  method  of 
filling  and  packing  the  earth  above,  the  condition  of  moisture  in  the 
earth,  etc.  Evidently  in  such  earth  as  quick-sand,  the  conditions 
may  approach  those  of  external  hydrostatic  pressure,  and  on  the 
other  hand,  in  deep  sewer  trenches,  the  earth  filling  may  act  so  that 
its  weight  is  carried  against  the  sides  of  the  trench.  In  discussing 
the  stresses  in  rings,  it  may  be  well  first  to  find  the  bending  moment 
for  certain  assumed  conditions  of  loading,  then  to  make  tests  under 
various  conditions  of  loading,  and  finally  to  compare  these  results 
with  a  view  of  determining  the  probable  range  of  bending  moments 
under  the  actual  conditions  of  construction.  The  assumed  loadings 
may  include : 

(1)  a  concentrated  load  at  the  crown  of  the  ring, 

(2)  a  vertical  load  distributed  uinformly  over  the  horizontal  sec- 
tion, 

(3)  a  distributed  vertical  load  together  with  a  horizontal  load 
distributed  vertically  over  the  sides  of  the  ring, 

(4)  an  oblique  loading. 

In  these  calculations,  since  much  uncertainty  is  involved,  the  dif- 
ference in  the  intensity  of  the  load  at  the  crown  and  at  the  extremi- 
ties of  the  horizontal  diameter,  due  to  the  different  depths  of  earth, 
need  not  be  considered.  In  general  the  pressures  and  distribution  on 
the  lower  half  of  the  ring  will  be  considered  to  be  the  same  as  on 
the  upper  half.  It  is  apparent  that  in  a  ring  of  considerable  thick- 
ness in  comparison  with  its  diameter  there  is  a  different  distribution 
of  stresses  from  that  found  in  thin  rings,  but  for  the  rings  under 
consideration  the  simplicity  of  analysis  for  thin  rings  will  outweigh 
the  small  loss  in  accuracy.  As  refinements  are  not  essential  and 
approximations  are  permissible,  the  equations  will  be  based  upon  a 
thin  ring  of  homogeneous  material  having  a  constant  modulus  of 
elasticity  and  it  will  also  be  assumed  that  the  changes  from  a  circu- 
lar form  will  have  little  effect  upon  the  dimensions  of  the  ring.  As 
the  derivation  of  the  formulas  is  somewhat  long,  only  the  final  en'ia- 
tions  will  be  given  and  the  reader  is  referred  to  the  bulletin  of  the 
Engineering  Experiment  Station  already  mentioned  for  the  complete 
analysis. 

Concentrated  Load. — For  a  load  concentrated  as  shown  in  Fig. 
1  1  a),  the  quadrant  shown  in  Fig.  I  (b)  will  be  in  equilibrium  under 
the  load  1/2  Q  at  B,  a  thrust  1/2  Q  at  A,  a  moment  o.ocjiWd  at  A, 
and  a  moment  o.i59\Vd  at  B.    At  B 
M— o.i59Wd.    (*) 
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For  a  point  C  at  an  angle  $  above  the  horizontal  diameter,  (Fig. 
i  (c)  ),  the  equation  for  the  bending  moment  is 
M=Qd  (0.159  —  1/4  cos  *) (2) 


(*)  t/>)  (c, 

Fig.  1.     Ring  under  Concentrated  Load. 
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Fig.  2.     Variation  in  Bending  Moment  for  Concentrated  Load. 


Fig.  2  shows  the  changes  in  bending  moment  between  the  haunches 
and  the  crown.  The  point  of  zero  bending  moment  is  $=50°  30'.  At 
this  point  the  sign  of  the  bending  moment  changes  from  negative  to 
positive.    The  expression  for  the  deflection  of  the  pipe  under  concen- 

Qd3 
trated  load  or  for  the  change  in  vertical  diameter  is  0.0186 


EL 


and  for  the"  change  in  horizontal  diameter  is  0.017 1- 


Od3 
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Distributed  Vertical  Load. — For  a  vertical  load  distributed  uni- 
formly over  the  horizontal  section  as  shown  in  Fig.  3  (a),  the  quad- 
rant shown  in  Fig.  3  (b)  will  be  in  equilibrium  under  the  load,  a 
thrust  at  A,. a  moment  at  A  and  a  moment  at  B.  Calling  the  load  on 
the  ring  W  and  the  mean  diameter  of  the  ring  d,  the  moments  at  A 
and  B,  which  are  equal,  are  given  by  the  expression 
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M=i/i6  Wd (3) 

For  a  point  C  at  an  angle  *  above  the  horizontal  diameter,  (Fig.  3 

(c)),  the  equation  for  the  bending  moment  is 

M=i   16  Wd  (1—2  cos2  <t0, (4) 


fit)  fc)  re) 

Fig.  3.    Ring  under  Distributed  Vertical  Load. 


Fig.  4.    Variation  in  Bending  Moment  for  Distributed  Load. 

In  Fig.  4  is  shown  the  change  in  bending  moment  between  the 
haunches  and  the  crown.  The  point  of  zero  bending  moment  is 
$=45°.  At  this  point  the  sign  of  the  bending  moment  changes  from 
negative  to  oositive.    The  expression  for  the  deflection  of  the  pipe. 

Wd3 

or  for  the  change  in  vertical  diameter,  is  1/96 ,  and  the  change 

EI 
in  horizontal  diameter  is  the  same. 

Distributed  Vertical  and  Horizontal  Load.— If  now  we  consider 
that  the  vertical  load  is  uniformly  distributed  over  the  horizontal  sec- 
tion of  the  pipe  as  before  and  that  there  is  also  a  horizontal  pressure 
uniformly  distributed  vertically  against  the  pipe,  the  loading  will  be 
as  represented  in  Fig.  5  (a).  If  the  ratio  of  the  horizontal  pressure 
to  the  vertical  pressure  is  denoted  by  q.  the  moments  at  A  and  B  will 
be  given  bv  the  equation 

M=i/i6  ('1— q)  Wd, (5) 

For  a  point  C  at  an  angled  ab  >ve  the  horizontal  diameter  (Fig. 
5(b)),  the  equation  for  the  bending  moment  is 

M=l/l6  Wd  (i-f  q— 2  cos2  $— 2q  sin-  *) (6) 

The  bending  moment  becomes  zero  at  $=45°»  as  in  the  other  case. 

If  the  intensity  of  the  horizontal  pressure  is  the  same  as  that  of 
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the  vertical  pressure,  q=i,  and  M  becomes  zero  at  all  points.  This 
corresponds  to  uniform  external  pressure,  and  equal  compression  is 
produced  in  all  parts  of  the  ring. 

Oblique  Load. — In  the  case  of  both  the  concentrated  load  and  the 
distributed  load  it  is  seen  that  the  bending  moments  at  A  and  B  are 
large  and  that  the  moment  decreases  to  zero  amount  at  some  point 
between  A  and  B.  If  we  were  sure  that  this  loading  obtained,  no 
provision  against  bending  need  be  made  at  the  points  of  zero  bending 
moment  and  but  little  for  points  close  on  either  side.  However,  it 
must  be  borne  in  mind  that  if  there  is  a  change  from  the  specified 
loading,  the  conditions  of  the  bending  moment  are  likewise  changed. 
If,  for  example,  the. method  of  filling  over  the  pipe  should  be  such 
ns  to  make  the  pressure  come  obliquely  as  shown  in  Fig.  6  (a),  the 
maximum  bending  moment  would  be  at  the  45°  points  and  the  mini- 
mum moments  at  the  ends  of  horizontal  and  vertical  diameters.  Sim- 
ilarly, if  in  a  sewer  trench,  a  slip  of  earth  from  the  side  caused  the 
pressure  to  come  against  the  sewer  as  shown  in  Fig.  6  (b),  the  dis- 
tribution and  amount  of  the  bending  moment  would  be  materially 
different  from  that  of  the  vertical  loading  usually  assumed.  In  the 
case  of  a  large  sewer  in  a  shallow  trench,  during  the  time  of  filling, 
especially  with  the  concrete  still  green,  the  direction  of  pressures  in- 
dicated in  Fig.  6  (c)  would  give  bending  moments  quite  unlike  those 
before  described.  It  will  be  necessary  to  make  separate  analyses  for 
such  cases.  While  an  accurate  measurement  of  the  bending  moments 
in  such  cases  is  impossible,  yet  in  any  case  it  is  feasible  to  judge  of 
the  amount  and  location  of  the  bending  moments  within  reasonable 
limits  and  to  provide  strength  in  the  section  of  the  sewer  to  take  the 
consequent  stresses. 

Resisting  Moment  and  Stresses. — For  a  ring  whose  thickness  is 
small  in  comparison  with  the  diameter  the  difference  in  the  length  of 
the  inner  fiber  and  outer  fiber  is  small  and  the  expression  for  the  re- 
sisting moment  given  for  ordinary  straight  beams  may  be  applied 
with  a  close  degree  of  approximation.  In  the  following  formulas 
the  length  of  the  ring  (width  of  beam)  will  be  considered  unity. 
Call  t  the  thickness  of  the  ring. 

For  the  rectangular  section  of  the  ring  the  resisting  moment  will 
then  be  1/6  ft2  where  f  is  the  unit-stress  at  the  remotest  fibre.  In 
those  sections  in  which  theie  is  no  thrust,  the  maximum  stress  (stress 
at  the  remotest  fiber)  may  be  found  by  equating  the  expression  for 
the  resisting  moment  and  the  expression  for  bending  moment  and 
substituting  the  numerical  values  at  the  section  considered.  If  a 
thrust  exists  at  the  given  section,  this  thrust  may  be  considered  to 
be  uniformly  distributed  over  the  section  and  the  stress  will  be  equal 
to  the  sum  or  difference  of  the  resisting  moment  stress  and  the  thrust 
stress. 

For  a  concentrated  load  at  the  crown  (Fig.  1)  the  stress  at  B, 
since  there  is  here  no  thrust,  may  be  determined  from  the  formula 
1/6  ft2  =  0.159  Qd, . .  (7) 
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At  A  the  same  form  of  expression  may  be  used  for  the  resisting 
moment,  but  this  must  be  combined  with  the  stress  due  to  the  verti- 
cal thrust.  Considering  this  to  be  uniformly  distributed,  the  stress  in 
the  remotest  fibers  will  be 

Q   _  0.091  Qd 

f  =  —  + (8) 

t  1/6 12 

The  —  sign  will  be  used  for  the  outer  fiber  and  the  -f  sign  for 
the  inner  fiber. 

At  any  point  C  Fig.  1  (c)  the  stress  at  the  remotest  fiber  may 
be  shown  to  be 

Q  cos  *              M 
f  =  1/2  — + (9) 

t  1/6  t2 

For  a  uniformly  distributed  horizontal  load  the  stress  at  the  crown 
B  will  be 

Wd 

f=i/i6 (10) 

1/6  t2 
and  at  A 

W  Wd 

f=i/2— ±  3/8 (11) 

t  t2 

and  at  any  point  C  Fig.  3  (c), 

Wr  cos2  3>  M 

f= ± (12) 

t  1/6  t2 

For  a  distributed  vertical  and  horizontal  load  (Fig.  5)  there  will 
be  a  thrust  both  at  A  and  B.  The  stresses  at  the  crown  B  will  then 
be  given  by  the  following  equation  : 

qW  Mb 

i=y2 + (13) 

t  i/6t2 

At  A  the  extremity  of  the  horizontal  diameter 

W  Ma 

i=y2 + (14) 

t  1/6 12 

At  any  point  C  (Fig.  5  (b)),  the  expression  for  the  stresses  may 
be  written 

W  cos2  3>  qW  sin2  4>  M 

f=l/2 1/2 +__ (15) 

t  t  1/6 12 


362  Talbot— Tests  of  Culvert  Pipe. 

These  formulas  are  directly  applicable  to  homogeneous  elastic 
rings  in  which  the  modulus  of  elasticity  of  the  material  remains  con- 
stant. These  conditions  are  not  strictly  true  for  rings  made  of  cast 
iron  or  of  concrete  or  reinforced  concrete.  However,  they  may  be 
applied  without  any  great  error  to  cast-iron  rings  and  plain  concrete 
rings  at  the  breaking  loads,  if  the  modulus  of  rupture  of  the  ma- 
terials obtained  under  the  same  condition  of  thickness  and  loading 
be  substituted  for  the  maximum  tensile  stress  f.  It  should  be  noted 
that  the  stress  on  the  tension  side  will  generally  control. 


Fig.  5.     Ring  under  Distributed  Vertical  and  Horizontal  Load. 

For  a  ring  made  of  reinforced  concrete  the  conditions  differ  some- 
what from  the  foregoing.  For  ordinary  cases  it  will  not  be  far  from 
the  truth  to  equate  the  bending  moment  determined  as  above  and  the 
resisting  moment  of  the  reinforced  concrete  section.  As  the  amount 
of  reinforcement  is  usually  much  lower  than  that  in  which  the  cir- 
cular beam  would  fail  by  compression  in  the  concrete,  we  may,  with- 
out material  error,  take  for  the  resisting  moment  of  the  reinforced 
concrete  section  the  value  0.87  Aft,  where  t  is  the  distance  from  the 
compresion  face  to  the  center  of  the  steel  reinforcement,  A  is  the 
area  of  the  cross-section  of  the  reinforcement  for  a  unit  of  width 
of  ring,  and  f  is  the  tensile  unit-stress  in  the  steel  due  to  the  bending 
moment.  To  equate  the  bending  moment  determined  as  above  to  this 
resisting  moment,  is  not  exactly  correct,  since  among  other  reasons 
the  neutral  axis  does  not  come  at  the  center  of  the  thickness  of  the 
ring  (which  is  the  point  about  which  the  bending  moments  were 
taken)  and  since  the  elastic  curve  is  not  the  same  as  in  a  ring  of 
homogeneous  material.  At  sections  where  thrust  occurs,  as  at  A, 
Fig.  1  (c)  and  3  (c),  the  tension  in  the  steel  determined  as  above  will 
be  reduced  by  the  resisting  compressive  stresses  there  set  up.  The 
amount  of  the  tension  in  the  steel  at  the  point  A  may  be  calculated 
by  the  formula- 

1/2  nT 

f'  =  f (16) 

t(i-f-np) 

which  is  applicable  for  both  concentrated  and  distributed  loads.  In 
this  formula  f  is  the  tensile  stress  in  the  steel  due  to  the  bending  mo- 
ment, p  is  the  ratio  of  the  area  of  reinforcement  for  a  unit  width  of 
beam  to  the  distance  between  the  center  of  the  steel  and  the  compres- 
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sion  face  of  the  concrete,  T  is  the  intensity  of  thrust  or  pressure 
against  the  face  of  the  section,  and  n  is  the  ratio  of  the  moduli  of 
elasticity  of  steel  and  concrete,  which  for  purposes  of  this  calculation 
may  be  taken  as  15.  At  the  extremity  of  the  horizontal  diameter  the 
thrust  is  W.  At  the  crown  it  is  zero  for  vertical  loading,  and  for 
both  concentrated  and  distributed  load  the  greatest  tensile  stress  is 
found  at  this  section. 

Conditions   of  Bedding  and  Loading  Found   in  Practice. The 

foregoing  discussion  assumes  certain  definite  conditions  of  loading. 
These  are  useful  in  establishing  definite  formulas  which  may  be  used 
as  a  basis  for  calculations.  It  is  not  to  be  expected  that  these  condi- 
tions represent  accurately  the  condition  of  bedding  and  loading  to  be 
found  in  practice.  It  is  then  desirable  that  the  nature  and  extent  of 
possible  or  probable  variations  from  these  assumed  conditions  be 
discussed  and  the  effects  of  such  a  divergence  considered.  The 
following  are  suggestions  of  variations ;  the  engineer  will  easily  ex- 
tend the  discussion  by  numerous  examples  taken  from  his  own  ex- 
perience. 


fW 


Fig.  6.     Varieties  of  Leading. 


Fig.   7.     Conditions  of  Loading. 

If  the  layer  of  earth  immediately  under  the  pipe  is  hard  or  un- 
even, or  if  the  bedding  of  the  pipe  at  either  side  is  soft  material  or 
not  well  tamped  as  indicated  in  Fig.  7  (a),  the  main  bearing  of  the 
pipe  may  be  along  an  element  at  the  bottom  and  the  result  is  in 
effect  concentrated  loading.  This  condition  may  be  aggravated  in 
the  case  of  a  pipe  with  a  stiff  hub  or  bell  where  settlement  may  bring 
an  unusual  proportion  of  the  bearing  at  the  bell  and  the  distribution 
of  the  pressure  be  far  from  the  assumed  condition. 
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In  case  the  pipe  is  bedded  in  loose  material,  the  effect  of  settle- 
ment will  be  to  compress  the  earth  immdiately  under  the  bottom  of 
the  pipe  more  completely  than  will  be  the  effect  at  one  side,  as  indi- 
cated in  Fig.  7  (b),  with  the  result  that  the  pressure  will  not  be 
uniformly  distributed  horizontally.  Similarly,  in  a  sewer  trench,  if 
loose  material  is  left  at  the  sides  and  the  material  at  the  extremity 
of  the  horizontal  diameter  is  loose  and  offers  little  restraint,  as  indi- 
cated in  Fig.  7  (c),  the  pressure  on  the  earth  will  not  be  distributed 
horizontally  and  the  amount  of  bending  moment  will  be  materially 
different  from  that  where  careful  bedding  and  tamping  give  an  even 
distribution  of  bearing  pressure  over  the  bottom  of  the  sewer. 

In  the  case  of  a  small  sewer  in  a  deep  trench,  the  load  upon  the 
sewer  may  be  materially  less  than  the  weight  of  the  earth  above,  in 
the  case  as  shown  in  Fig.  7  (d),  where  the  earth  forms  a  hard  com- 
pact mass  and  is  held  by  pressure  and  friction  against  the  sides  of 
the  trench. 


Fig.  8.    Conditions  of  Loading. 

In  case  a  culvert  pipe  is  laid  in  an  ordinary  embankment  by  cutting 
down  the  sides  slopingly  as  shown  in  Fig.  8  (a),  it  is  evident  that 
the  load  which  comes  upon  the  pipe  will  be  materially  less  than  the 
weight  of  the  earth  immediately  above  it.  If  a  culvert  pipe  replaces 
a  trestle  and  the  filling  is  allowed  to  run  down  the  slope  as  shown  in 
Fig.  8  (b),  the  direction  and  amount  of  the  pressure  against  the  pipe 
will  differ  considerably  from  that  which  obtains  in  a  trench  or  in  the 
case  of  a  level  filling  shown  in  Fig.  8  (c)..  It  is  possible  in  the  latter 
case  that  the  smaller  amount  of  settlement  of  the  earth  directly  over 
the  culvert  pipe,  due  to  the  greater  depth  of  earth  on  the  adjacent 
sections,  may  allow  a  greater  proportion  of  the  load  to  rest  upon  the 
culvert  pipe  than  would  ordinarily  be  assumed. 

Attention  should  be  called  to  the  fact  that  the  distribution  of  the 
pressure  by  means  of  earth  under  and  over  a  ring  assumes  that  the 
earth  is  compressed  in  somewhat  the  same  way  as  when  other  ma- 
terial of  construction  is  given  compression.  Unless  the  earth  has 
elasticity,  .the  distribution  of  pressure  can  not  occur.  To  secure  the 
uniform  distribution  assumed,  the  ring  itself  must  give  enough  to 
allow  for  the  movement  of  the  earth  which  takes  place  under  pres- 
sure. This  is  especially  true  with  reference  to  the  presence  and 
utilization  of  lateral  restraint,  and  a  ring  which  does  not  give  later- 
ally, as  for  example  a  plain  concrete  ring,  will  not  develop  lateral 
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pressure  in  the  adjoining  earth  under  ordinary  conditions  of  moisture 
and  filling  to  any  great  extent.  As  the  conditions  of  earth  and 
moisture  produce  mobility  and  approach  hydrostatic  conditions,  the 
necessity  for  this  elasticity  and  movement  do  not  exist,  but  here  the 
lateral  pressure  approaches  the  vertical  pressure  in  amount  and  the 
bending  moments  become  relatively  smaller. 

The  discussion  is  sufficiently  extended  to  indicate  the  importance 
of  care  in  bedding  culvert  pipe  and  sewers  and  in  filling  over  them, 
and  to  indicate  the  great  difference  in  the  amount  of  bending  mo- 
ment developed  with  different  conditions  of  bedding  and  filling. 
Where  there  is  any  question  of  needed  strength,  it  will  be  money  well 
expended  to  use  care  and  precaution  in  bedding  the  pipe  and  in  filling 
around  and  over  it.  I  am  convinced  that  a  little  extra  expense  will 
add  considerable  stability,  life,  strength,  and  safety  to  such  structures, 
far  out  of  proportion  to  the  added  cost.  It  is  possible  that  under 
careful  conditions  of  laying  lighter  structures. may  be  used  with  a 
saving  in  the  cost  of  construction. 

MATERIALS,    TEST    PIECES,    AND    METHOD   OF  TESTING. 

Cast-iron  Pipe  and  Rings. — Nine  cast-iron  culvert  pipes  were 
tested,  four  being  of  36-in.  inside  diameter  and  five  being  of  48-in. 
inside  diameter.  Four  pipes  were  furnished  by  the  Atchison,  Topeka 
and  Santa  Fe  Ry.,  two  each  by  the  Chicago,  Milwaukee  &  St.  Paul 
Ry.  and  the  Chicago,  Rock  Island  &  Pacific  Ry.,  and  one  by  the 
Illinois  Central  R.  R.  The  thickness  of  the  pipe  varied,  both  light- 
weight and  medium-weight  being  used.  One  pipe  was  6  ft.  8  in. 
long,  and  the  others  ranged  from  8  ft.  o  in.  to  8  ft.  5  in.  over  all 
after  the  rings  for  use  in  the  auxiliary  tests  had  been  cut  from  them. 
Test  pieces,  2  inches  wide  and  about  24  inches  long,  were  afterward 
cut  from  these  rings  and  tested  in  cross-breaking.  The  quality  of 
the  cast-iron  in  the  pipes  was  very  good.  Data  on  the  pipes  and 
rings  are  given  in  Table  2. 

Reinforced  Concrete  Culvert  Pipe. — Five  reinforced  concrete  cul- 
vert pipe  were  furnished  by  the  Chicago,  Burlington  and  Quincv  R. 
R.  They  were  made  at  Montgomery,  111.  Owl  brand  portland  ce- 
ment was  used.  The  gravel  came  from  a  pit  at  Montgomery.  A 
mechanical  analysis  of  the  gravel  is  given  in  Table  1. 

In  two  pipes  the  reinforcement  was  j4-in.  corrugated  bars,  placed 
as  shown  in  Fig.  9,  and  J^-in.  corrugated  bars  were  used  in  one  pipe. 
One  pipe  was  reinforced  with  "Clinton  Wire  Mesh,"  No.  3  wire 
being  used,  and  the  fifth  pipe  was  reinforced  with  fence  wire  laid 
in  the  center  of  gravity  of  the  concrete.  The  steel  which  was  placed 
lengthwise  of  the  pipe  is  not  considered  in  figuring  the  reinforce- 
ment. To  allow  the  steel  to  be  made  circular  in  shape,  the  pipes 
were  made  with  the  vertical  diameter  four  inches  longer  than  the 
horizontal  diameter.  This  brought  the  reinforcement  at  the  points 
where  tension  would  be  present  in  the  loaded  pipe.  Four  of  these 
pipes  had  a  nominal  inside  horizontal  diameter  of  48  in.  and  the 
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other  a  nominal  inside  horizontal  diameter  of  36  in.  This  horizontal 
diameter  will  be  used  in  referring  to  the  pipe,  the  vertical  diameter 
being  4  in.  longer.  The  barrel  of  the  pipe  was  4  in.  thick.  The  bell 
extended  4  in.  beyond  the  barrel  and  had  the  same  thickness,  its  in- 
side diameter  being  1  in.  greater  than  the  outside  diameter  of  the 
barrel. 

The  forms  were  of  wood  lined  with  galvanized  iron  and  were 
placed  vertically  with  the  bell  up.  These  forms  were  removed  when 
the  concrete  was  from  two  to  four  days  old  and  the  pipes  were, 
stored  in  the  open  air  until  after  shipment  to  the  University,  where 
they  were  stored  in  the  testing  laboratory.  Pipe  No.  982  was  made 
in  cold  weather  and  was  heated  by  steam  coils  to  aid  the  curing  of 
the  concrete.  Examination  indicated  that  the  quality  of  the  concrete 
was  somewhat  injured  thereby.  All  the  pipe  had  very  good  surface 
and,  when  broken  up,  appearances  indicated  a  very  good  quality  of 
concrete. 


Corrufa'ei  Bars  i'c  foc-~ 


towri/e/rt/it.    Jtcr/on  Ceosj  Jeer/On 


6 I0/>$'fad"to/  j  COrrugoreS    fforj 


-Cor/-uffO/e<^  £0 


/Ps//y/-oiPcep     CosYCffrz  jP/a/ss 

Fig.    9.     Distribution    of    Reinforcement    in    the    Reinforced    Concrete    Pipes 

and  Rings. 


Concrete  and  Reinforced  Concrete  Rings. — The  concrete  and  re- 
inforced concrete  rings  were  made  in  the  laboratory  at  the  Univer- 
sity. The  sand  came  from  near  the  Wabash  River  at  Attica,  Indiana. 
It  was  of  good  quality  and  contained  from  28%  to  30%  voids,  as 
determined  by  standard  methods.  The  stone  was  Kankakee  lime- 
stone which  showed  about  50  voids.  Universal  Portland  Cement, 
furnished  by  the  manufacturers,  was  used.  The  concrete,  which  was 
made  rather  wet,  was  thoroughly  mixed  by  hand  in  the  usual  manner, 
the  mixture  being  1 :2 14  in  all  cases.  The  steel  used  in  the  reinforced 
rings  was  JA-'m.  mild  steel  corrugated  bars. 

The  rings  were  all  circular  in"  section,  4  ft.  in  inside  diameter,  and 
2  ft.  long,  the  reinforcement  being  placed  as  shown  in  Fig.  9.  The 
reinforced  rings,  of  which  there  were  16,  were  4  in.  thick,  while  the 
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8  plain  concrete  rings  were  made  6  in.  thick.  In  most  of  the  rings 
the  steel  was  shaped  somewhat  like  an  ellipse  in  order  to  bring  the 
reinforcement  near  the  tension  side  at  the  quarter  points.  In  No. 
934,  971,  and  972  the  bars  were  flattened  for  a  distance  of  18  inches 
at  both  top  and  bottom  of  the  ring,  and  in  No.  976  and  977  three 


^S 


jk-cJp     ;'/wj^^ 


Cjpojj  Jeer/on  £/.£Mr/ow 

.   Fig.   10.     Hydraulic  Jack  Testing  Machine. 


crimped  pieces  of  steel  were  placed  at  top  and  bottom  across  the 
ring.  These  were  spaced  9  in.  apart  and  served  the  same  purpose  as 
stirrups  in  a  beam. 

Testing  Machine  for  Distributed  Load. — The  machine  used  for 
testing  the  culvert  pipe  is  shown  in  Fig.  10.  The  photograph  given 
in  Fig.  11  will  aid  in  giving  an  idea  of  the  apparatus  used.  The  floor 
of  the  machine  rested  on  two  I-beams.  A  layer  of  sand  was  spread 
over  this  floor.  On  this  layer  of  sand  was  placed  the  pipe  to  be 
tested.  The  sides  of  the  box  were  built  up  with  bridge  timbers  and 
held  firmly  laterally  by  heavy  rods.  Sand  was  put  around  and  over 
the  pipe.  The  sand  was  leveled  off  at  the  top  and  the  saddle  built. 
Two  I-beams,  similar  to  those  below  the  pipe,  were  placed  on  the 
saddle  and  at  the  four  corners  were  placed  hydiaulic  jacks  with  a 
capacity  of  100  tons  each.  The  plungers  bore  against  heavy  cast-iron 
blocks  which  were  connected  to  blocks  under  the  lower  I-beams  by 
means  of  16  heavv  wrought-iron  rods.  The  jacks  were  operated  by 
pumps  placed  on  top  of  the  saddle.  In  this  way  a  fairly  even  loading 
of  the  pipe  was  obtained. 

The  loads  were  read  from  a  dial  attached  to  each  pump.  Such  cal- 
ibrating of  these  dials  as  has  been  done  indicates  that  there  is  usually 
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an  initial  error  and  that  the  per  cent  error  is  much  smaller  on  high 
loads  than  on  small  ones. 

Method  of  Testing. — Every  effort  was  made  to  have  the  pipe  level 
in  the  sand.  As  the  sides  of  the  box  were  built  up.  the  sand  was 
frequently  soaked  down  with  water  from  a  hose  to  insure  firm  bearing 
around  and  over  the  pipe.  The  operation  of  bedding  the  pipe  and 
building  up  the  box  for  each  test  was  carefully  done,  and  the  time 


Fig.  ii.    View  of  Hydraulic  Jack  Testing  Machine. 


and  labor  involved  in  this  and  in  making  the  test  were  considerable. 
Points  were  marked  on  the  inside  of  the  pipe  to  indicate  the  extremi- 
ties of  vertical  and  horizontal  diameters  at  sections  I  ft.  inside  each 
end  of  the  pipe.  Initial  readings  of  the  diameters  were  taken.  Then 
the  load  was  put  on  in  increments  of  16,000  lb.  and  held  while  read- 
ings of  the  diameters  were  taken.  As  each  crack  appeared  its  size 
and  location  were  carefully  noted.  This  was  continued  until  the  pipe 
had  reached  complete  failure. 

The  rings  which  were  tested  with  distributed  load  were  set  up  in  a 
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similar  way  except  that  the  box  and  saddle  were  only  long  enough 
to  accomodate  a  2-ft.  length  of  pipe.  The  box  was  set  up  on  the 
bed  of  the  6oo,ooo-lb.  Riehle  testing  machine  and  the  load  was  ap- 
plied by  running  the  head  down  on  the  saddle.  Readings  of  the 
horizontal  and  vertical  diameters  were  taken  at  the  center  of  the  ring, 
the  load  being  applied  in  increments  of  1,000  lb. 

All  the  testing  under  concentrated  load  was  done  in  the  600,000 
lb.  machine.  A  layer  of  plaster  of  paris  about  x/\  in.  thick  was  spread 
on  a  strip  of  building  paper  lying  on  the  bed  of  the  machine.  The 
ring  was  put  in  place  so  that  the  bottom  element  rested  in  the  plaster 
of  paris.  A  similar  layer  of  plaster  was  put  on  the  top  of  the  ring 
and  a  cast-iron  bar  3  in.  wide  by  2  in.  thick  by  2  ft.  long  was  care- 
fully centered  in  the  plaster  over  the  top  element.  A  second  bar  of 
the  same  dimensions  was  afterward  placed  on  top  of  this  to  give 
greater  stiffness.  The  head  of  the  machine  was  then  run  down  and 
the  load  applied  through  a  hemispherical  bearing  block. 

EXPERIMENTAL    DATA    WITH    CAST    IRON    PIPE    AND   RINGS 

Data  of  Tests. — Table  2  gives  dimensions  of  the  cast  iron  culvert 
pipe  and  rings  and  the  name  of  the  railroad  company  which  fur- 
nished the  pipe.  The  suffix  A  denotes  the  ring  cut  from  the  spigot 
end  and  the  suffix  B  the  ring  next  to  it.  In  all  cases  the  remainder 
of  the  pipe  as  tested  contained  the  bell  of  the  original  pipe,  (given 
in  Table  4  under  the  heading  of  Pipes).     Table  3  gives  the  results 


Fig.   12a.     View  of  Reinforced  Concrete  Pipe  After  Test. 
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of  the  concentrated-load  tests  and  Table  4  the  results  of  the  dis- 
tributed-load  tests. 

Irt  Fig.  13  to  17  are  given  diagrams  showing  the  amount  of  the 
vertical  and  horizontal  deflections  of  the  pipe,  at  both  the  spigot  end 
and  the  bell  end.  which  were  produced  under  the  load  per  lineal  foot 
of  pipe  or  ring  indicated  by  the  vertical  scale.  The  full  line  shows 
the  change  in  horizontal  diameter  and  the  dotted  lines  the  change  in 
vertical  diameter.  These  diagrams  will  be  discussed  for  the  two 
methods  of  loading. 

Concentrated-Load  Tests. — The  cast-iron  rings  which  were  tested 
under  a  concentrated  load  gave  phenomena  similar  to  what  would  be 
expected  from  the  analysis  of  the  bending  moments  and  resisting  mo- 
ments. As  is  shown  on  the  diagram  in  Fig.  13  the  amount  of  deflec- 
tion is  nearly  proportional  to  the  applied  load.  The  value  of  the 
modulus  of  elasticity  given  in  Table  3,  calculated  from  the  expres- 
sion for  deflection,  for  loads  and  deflections  near  the  breaking  load 


Fig.  126.     View  of  Reinforced  Concrete  Pipe  After  Test. 

('10,200.000  lb.  per  sq.  in.),  is  somewhat  smaller  than  the  average 
value  of  the  modulus  of  elasticity  determined  from  the  tests  of 
rectangular  specimens  cut  from  the  pipe.  This  is  not  unexpected 
for  a  material  as  variable  in  its  elastic  properties  as  cast  iron  and  with 
such  a  difference  in  form  as  the  ring  and  the  straight  rectangular 
beam.  It  seems  that  the  value  of  the  modulus  of  elasticity  deter- 
mined from  the  deflections  of  the  rings  may  best  be  used  in  the  in- 
vestigation of  the  rings  and  pipe. 
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At  the  maximum  load  sustained,  the  rings  failed  at  either  the  top 
or  the  bottom,  and  the  rupture  extended  over  the  entire  length  of 
the  pipe  in  every  case.  This  accords  with  the  theoretical  determina- 
tion already  made,  it  having  been  found  that  the  bending  moment  at 
the  top  or  bottom  is  about  16/9  that  at  the  extremities  of  the  hori- 
zontal diameter.  After  rupture  occurred  the  machine  was  in  some 
cases  run  on  down  to  give  greater  deflections,  but  the  load  then  sus- 
tained was  much  less  than  the  breaking  load  and  the  rings  finally 
broke  again,  this  time  at  the  ends  of  the  horizontal  diameter. 

It  will  be  seen  that  the  average  value  of  the  modulus  of  rupture 
calculated  by  equation  (7)  and  given  in  Table  3,  is  27,000  lb.  per 
sq.  in.  _  This  is  25%  less  than  the  value  of  the  modulus  of  rupture 
determined  by  loading  at  the  center  the  rectangular  test  specimens 
taken  from  the  rings.  The  difference  which  exists  in  the  distribu- 
tion of  the  stresses  by  these  two  methods  of  testing  and  the  differ- 
ences in  strength  of  the  materials  in  the  two  directions  will  partly 
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Fig.  13.     Load-deflection  Diagrams  for  Cast-iron  Rings.     Concentrated  Load. 

account  for  this  difference.  It  seems  probable  that  the  results  given 
in  Table  3  are  more  nearly  representative  of  the  conditions  in  the  rings 
and  pipe,  and  in  the  calculations  for  the  pipes  and  rings  under  dis- 
tributed load  the  value  obtained  in  the  concentrated  tests  of  the 
corresponding  ring  has  been  used. 

Phenomena  of  the  Distributed  Load  Tests. — In    the    distributed 
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load  tests  ihe  pipe  or  ring  was  bedded  in  sand,  the  load  was  applied 
through  a  saddle  resting  on  sand,  and  the  sides  of  the  test  box  were 
restrained,  as  already  described.  It  is  not  probable  that  such  a 
method  of  loading  will  give  a  uniform  distribution  of  the  load  either 
longitudinally  or  transversely.  It  is  evident  from  a  study  of  results 
that  the  distribution  of  the  load  is  uncertain  and  that  the  amount  of 
the  lateral  restraint  is  also  uncertain.    While  for  the  purposes  of  cal- 
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Fig.  14.  Load-deflection  Diagrams  for  48-in.  Cast-iron  Pipes.  Distributed  Load. 
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•culation  and  discussion  the  distribution  of  the  pressure  may  be  as- 
sumed to  be  uniform  over  a  horizontal  section,  it  is  plain  that  this 
does  not  express  at  all  accurately  the  manner  in  which  the  load  - 
distributed.  However,  a  uniform  distribution  of  the  load  may  be 
used  as  a  basis  of  comparison  in  the  discussion  of  the  results.  A 
study  of  the  load  deflection  diagrams  given  in  Fig.  14,  15  and  16 
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Fig.  15.  Load-deflection  Diagrams  for  48-'"-  Cast-iron  Pipes.  Distributed  Load. 
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will  show  that  the  deflection  at  the  spigot  end  generally  began  at  once 
and  increased  nearly  proportionally  to  the  amount  of  the  applied 
load,  as  is  indicated  by  the  approximation  to  a  straight  line.  This 
is  in  accord  with  the  analysis  and  with  the  form  of  the  equation  for 
deflections.  At  the  bell  end  the  deflections  lagged  behind  and  gen- 
erally formed  a  curved  diagram.     It  is  evident  that  the  great  stiff - 
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Fig.  16.  Load-deflection  Diagrams  for  36-in.  Cast-iron  Pipes.  Distributed  Load. 
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ness  of  the  bell  is  the  cause  of  this  and  that  after  the  barrel  of  the 
pipe  becomes  distorted  the  effect  is  transmitted  to  the  bell  in  vary- 
ing proportions.  At  a  load  varying  from  75';.  to  100%  of  the  max- 
imum a  crack  appeared  in  the  top  or  bottom  of  the  pipe  except  in 
No.  996  where  it  appeared  at  one  side.  Usually  with  an  increase  of 
load  this  extended  toward  the  other  end,  and  finally  the  pipe  broke 
throughout  the  full  length  at  or  near  the.  maximum  load.  This  gen- 
erally occurred  at  the  top  or  bottom  of  the  pipe.  The  further  opera- 
tion of  the  testing  apparatus  gave  increased  deflections,  sometimes 
without  a  material  reduction  in  the  load  and  sometimes  at  a  much 
lower  load,  until  the  pipe  broke  at  some  other  point  in  the  section. 

The  following  notes  of  Pipe  No.  992  and  994  give  the  typical 
phenomena  of  the  tests. 

No.  992.  Diameter  48  in.  Length  8  ft.  3  in.  over  all.  Light-weight  | 
6,900  lb.  for  12  ft.  net  length.  Small  bell.  Average  thickness  1.3  in.  Loaded 
2  in.  off  center.  At  a  load  of  16,300  lb.  per  lin.  ft.  cracks  formed  at  the  top 
and  bottom  and  extended  through  the  bell  8  in.  into  the  barrel.  At  17.700  lb. 
the  bottom  crack  extended  from  end  to  end,  and  at  18,700  lb.  the  top  crack 
extended  likewise.  At  21,600  lb.  both  sides  cracked  from  end  to  end.  The 
load  dropped  off,  and  finally  rose  again,  reaching  22,600  lb.  per  lin.  ft. 
discontinued. 

Xo.  994.  Diameter  48  in.  Length  8  ft.  net.  Heavy-weight  pipe,  8,900  lb. 
for  12  ft.  net  length.  Average  thickness  1.58  in.  This  pipe  was  cut  into  two 
pieces  and  the  end  of  one  was  loosely  inserted  in  the  bell  at  the  middle  of  the 
testing  box.  The  piece  containing  the  bell  is  denoted  the  bell  section,  and  the 
other  the  spigot  section.  The  center  of  the  loading  apparatus  was  over  the 
bell.  The  first  crack  appeared  in  the  bell  at  the  top  and  extended  2  ft.  into 
the  barrel  at  a  load  of  47,200  lb.  per  lin.  ft.  At  the  maximum  load  of  49,300 
lb.  per  lin.  ft.  this  crack  extended  the  full  length  ofthe  bell  section.  No  crack 
appeared  in  the  spigot  section.     Test  discontinued. 

The  effect  of  lateral  restraint  is  illustrated  in  the  results  of  a  pre- 
liminary test  on  Pipe  Xo.  990.  In  this  test  the  hydraulic  jack  ma- 
chine was  not  used.,  but  I-beams  were  used  to  transfer  the  load  from 
the  600,000-lb.  testing  machine  to  the  saddle,  since  the  box  was  too 
large  to  be  placed  on  the  bed  of  the  machine.  The  distance  of  the 
saddle  from  the  testing  machine  was  such  that  only  one-fifth  of  the 
load  on  the  machine  was  applied  to  the  saddle.  The  load  was  run 
up  to  16,200  lb.  per  lin.  ft.  on  the  pipe.  At  this  point  an  I-beam 
commenced  to  buckle  and  the  load  was  taken  off.  At  this  load  the 
change  in  the  vertical  diameter  was  0.37  in.  The  load  having  been 
taken  off,  the  rods  holding  the  sides  of  the  box  were  loosened  and 
kept  loose  and  pressure  again  applied.  This  time,  at  a  load  of  15.500 
lb.  per  lin.  ft.,  the  average  change  in  the  vertical  diameter  was  1.05 
in.  with  no  sign  of  failure.  When  the  load  was  removed  there  was 
a  set  of  0.65  in.  at  the  spigot  end.  Four  hours  later  this  set  was  re- 
duced to  0.30  in.  The  deflections  in  the  two  tests  are  shown  in  Fig. 
17.  This  pipe  was  finally  tested  to  destruction  in  the  hydraulic  jack 
machine,  the  first  crack  appearing  at  a  load  of  26,400  lb.  per  lin.  ft. 
and  the  pipe  finally  carrying  37,500  lb.  per  lin.  ft.  as  has  already  been 
described. 
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Comparison  and  Discussion. — Table  4  gives  data  of  the  distributed- 
load  tests  of  the  cast-iron  pipe  and  rings.  The  loads  are  given  in 
pounds  per  foot  of  length  of  ring  or  pipe.  The  first  crack  for  which 
the  load  is  given  appeared  at  the  bell  end  in  four  pipes  and  at  the 
spigot  end  in  three.  In  No.  993  the  crack  ran  from  end  to  end  and 
in  Xo.  994  in  which  the  pipe  was  cut  and  the  spigot  end  placed  in 
the  bell  end  at  the  middle  of  the  test  box  the  first  crack  was  at  the 
bell.  The  breaking  load  was  the  maximum  load  and  generally  the 
indicated  load  of  the  testing  apparatus  fell  off  at  once  though  in 
some  cases  the  maximum  load  held  until  the  deflections  had  been 
increased  somewhat.  M'  is  the  bending  moment  based  on  a  uniform 
distribution  of  the  breaking  load  over  the  horizontal  section  of  the 
pipe  and  without  any  allowance  for  lateral  pressure  or  restraint,  as 
calculated  by  equation  (3).  Mo  is  the  resisting  moment  of  a  rectan- 
gular section  of  the  pipe,  calculated  with  the  value  of  the  modulus 
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Fig.  17.  Load-deflection  Diagrams  of  Pipe.  No.  990  tested  with  and  without 

Lateral   Restraint. 


of  rupture  f  determined  from  the  concentrated  load  tests  of  the  rings 
cut  from  the  pipe,  except  that  for  No.  990,  from  which  no  ring  was 
cut,  the  average  modulus  of  rupture  determined  from  other  pipe  was 
used.  In  the  expression  for  the  resisting  moment  b  is  the  length  of 
pipe  or  ring  and  t  is  the  average  thickness.  The  last  column  gives 
the  ratio  of  the  resisting  moment  to  the  bending  moment  thus  calcu- 
lated. If  Mo  properly  measures  the  resisting  moment  and  if  the  load 
is  uniformly  distributed  over  the  horizontal  section  in  both  the  longi- 
tudinal and  transverse  direction  this  ratio  should  be  unity.  If  there 
is  lateral  pressure  of  the  sand  similarly  distributed  over  the  vertical 
section  the  value  of  the  ratio  should  be  less  than  unity  and  would 
represent  the  1— q  of  equation  (5).  That  is  to  say,  if  the  ratio  is 
0.75,  the  lateral  pressure  would,  by  this  method  of  reasoning,  be  25% 
of  the  vertical  load.  This  treatment  does  not  consider  the  effect  of 
the  greater  strength  and  stiffness  of  the  bell  nor  the  effect  of  the  stiff- 
ness of  the  bell  upon  the  stresses  in  the  barrel  next  to  the  bell.     It  is 
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seen  that  there  is  a  considerable  variation  in  the  value  of  the  ratio. 
The  higher  values  may  be  due  to  an  uneven  distribution  of  the  load 
either  longitudinally  or  transversely.  In  cases  where  the  break  oc- 
curred at  one  end  or  the  other  the  lack  of  distribution  seems  evident. 
It  is  possible  that  in  these  cases  the  pipes  were  not  so  well  bedded  or 
that  the  sand  was  not  so  well  packed  about  them.  The  lower  values  of 
the  ratio  indicate  considerable  lateral  pressure.  Evidently  there  is  a 
great  variation  in  the  condition  of  loading  and  the  distribution  of  ihe 
pressures  and  it  is  possible  that  uneven  resisting  stresses  of  the  pipe 
may  account  partly  for  this  variation.  This  question  will  be  dis- 
cussed further  on. 

EXPERIMENTAL    DATA    WITH    CONCRETE    AND    REINFORCED    CONCRETE 

PIPE   AND   RINGS 

Data  of  Tests. — Table  5  gives  manner  of  loading  of  the  plain  and 
reinforced  concrete  rings  and.  pipes  and  the  loads  carried.  Table  6 
gives  the  results  of  the  concentrated  load  tests  and  Table  7  the  re- 
sults of  the  distributed  load  tests.  These  will  be  discussed  for  the 
two  methods  of  loading  under  different  heads. 


Fig.    18.    Load-deflection    Diagrams    of    Reinforced    Concrete    Rings.     Con- 
centrated Load. 

In  Fig.  18  to  21  are  given  diagrams  of  the  amount  of  the  vertical 
and  horizontal  deflections  of  the  pipe  and  rings  which  were  produced 
by  the  load  per  lin.  ft.  of  length  of  pipe  indicated  by  the  vertical 
scale.  A  single  full  line  shows  the  change  in  the  vertical  diameter. 
Where  two  lines  are  given,  the  full  line  shows  the  change  in  the 
horizontal  diameter,  and  the  dotted  line  the  change  in  the  vertical 
diameter.  These  diagrams  will  be  discussed  for  the  two  methods 
of  loading. 

Concentrated-Load  Tests. — The  method  used  in  testing  the  cast- 
iron  rings  and  pipe  was  used  for  the  tests  on  concrete  and  reinforced 
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concrete  rings.  As  the  plain  concrete  rings  broke  before  there  was 
an  appreciable  deflection  no  measurement  of  deflections  was  made. 
The  modulus  of  rupture  calculated  from  equation  (7)  is  given  in 
Table  6.  All  failures  occurred  in  either  the  top  or  bottom  section 
of  the  cylinder  as  is  to  be  expected  from  the  relative  value  of  the 
bending  moment  at  these  points  and  that  at  the  extremities  of  the 
horizontal  diameter.  The  breaks  were  sudden  and  the  load  which 
could  be  carried  after  this  break  was  very  much  less  than  the  load  at 
the  time  of  the  formation  of  the  cracks. 

The  reinforced  rings  deflected  considerably  before  final  failure.  At 
a  load  of  i,oco  to  2,150  lb.  per  lin.  ft.,  fine  cracks  appeared  on  the 
tension  face,  generally  at  the  top  or  bottom  much  as  they  appear  in 
tests  of  reinforced  concrete  beams.  With  the  application  of  higher 
loads,  numerous  fine  cracks  appeared  on  the  tension  faces  at  the 
top,  bottom,  and  sides.  Two  forms  of  critical  failure  were  apparent ; 
one  a  tension  failure  of  the  reinforcing  bar  at  the  top  or  bottom  of 
the  ring  (stretching  beyond  the  yield  point  of  the  metal),  and  the 
other  a"  failure  of  the  concrete  by  the  stripping  and  shearing  of  the 
concrete  from  the  tension  face.  The  latter  form  of  failure  may  cor- 
respond to  the  diagonal  tension  failure  in  beams.  Sometimes  the 
concrete  was  split  off  along  the  reinforcing  bars  and  these  bars  were 
straightened  from  their  original  circular  form.  The  following  notes 
are  typical  of  the  tests : 

No.  932.  Fine  cracks  at  top,  bottom  and  sides  at  1,500  lb.  per  lin.  ft.  At 
the  maximum  load  of  3,000  lb.  per  lin.  ft.  the  deflection  was  0.85  in.  Later 
the  concrete  began  to  strip  off. 

No.  934.  A  fine  crack  appeared  at  the  top  at  1,300  lb.  per  lin.  ft.,  at  the 
bottom  at  1,550  lb.  per  lin.  ft.,  and  at  the  sides  at  2,050  lb.  per  lin.  ft.  At 
3,050  lb.  per  lin.  ft.  the  deflection  was  0.73  in.  and  at  the  maximum  load, 
3,150  lb.  per  lin.  ft.,  it  was  1.05  in.  and  the  cracks  at  the  top  and  bottom  soon 
opened  up  0.25  in.,  showing  tension  failure. 

No.  952.  A  fine  crack  appeared  at  the  bottom  at  1,000  lb.  per  lin.  ft.,  at  the 
sides  at  1,250  lb.  per  lin.  ft.,  and  at  the  top  at  1,450  lb.  per  lin.  ft.  At  a  load 
of  2,250  lb.  per  lin.  ft.  the  deflection  was  0.97  in.  At  the  maximum  load, 
2,350  lb.  per  lin.  ft.,  the  concrete  split  off  and  the  rods  broke  through  at  the 
top. 

No.  971.  Fine  cracks  appeared  at  the  top  and  bottom  at  1,500  lb.  per  lin.  ft. 
and  at  the  sides  at  1,750  lb.  per  lin.  ft.  At  the  maximum  load,  4,120  lb.  per 
lin.  ft.,  the  deflection  was  0.6  in.  Failed  by  tension  in  the  steel  at  both  top 
and  bottom. 

In  Table  6  the  bending  moments  at  the  maximum  loads  are  given. 
In  part  of  them,  failure  came  by  splitting  of  the  concrete  along  the 
reinforcing  bars.  In  some  cases  this  was  caused  by  imperfect  fabri- 
cation, the  bars  being  left  too  close  to  the  interior  face  of  the  ring. 
The  deflection  curves  have  much  the  same  characteristics.  The  maxi- 
mum load  gave  a  deflection  of  0.5  to  0.8  in. 

Distributed  Load  Tests  of  Concrete  Rings.— The  plain  concrete 
rings  which  were  tested  under  a  distributed  load,  bedded  and  covered 
with  sand  and  restrained  at  the  sides  as  already  described,  cracked  at 
the  bottom,  top,  and  sides  at  an  early  load.  With  the  continued  applica- 
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tion  of  the  testing  apparatus  the  load  dropped  off  at  first  until  at  a 
somewhat  greater  deflection  sufficient  side  restraint  had  been  devel- 
oped when  the  load  again  increased  and  continued  to  rise  until  a 
considerable  change  had  been  made  in  the  vertical  and  horizontal 
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Fig.    19.   Load-deflection    Diagrams    for    Concrete   and    Reinforced    Concrete 
Rings.      Distributed    Load. 
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diameters  when  the  test  was  discontinued.  The  load-deflection  dia- 
grams are  given  in  Fig.  19.  The  following  are  notes  of  the  tests  of 
the  two  plain  concrete  rings. 

No.  003.  At  a  load  of  3,550  lb.  per  lin.  ft.  and  a  deflection  of  0.09  in.,  a 
crack  appeared  at  the  bottom  and  the  load  dropped  off  to  2,150  lb.  per  lin.  ft. 
The  indications  were  that  the  pressure  of  the  sand  of  the  bed  was  not  well 
distributed.  As  the  loading  head  was  run  down,  cracks  appeared  at  the  east 
side  of  the  ring  at  a  load  of  2,150  lb.  per  lin.  ft.,  the  crack  at , the  bottom 
opened  to  -rV-in.,  and  a  crack  formed  at  the  top  of  the  ring.  At  2,500  lb. 
per  lin.  ft.  the  crack  at  the  bottom  had  opened  to  J4-in.  As  the  deflections 
were  increased,  the  indicated  load  increased,  and  the  cracks  at  the  top,  bot- 
tom, and  sides  increased  in  width,  though  the  amount  of  the  opening  of  the 
cracks  at  the  sides  could  not  well  be.  measured.  At  a  load  of  8,000  lb.  per 
lin.  ft.,  and  a  deflection  of  1.45  in.,  the  crack  at  the  bottom  was  0.5  in.  wide 
and  that  at  the  top  \i-\r\.  At  13,000  lb.  per  lin.  ft.  another  crack  appeared  at 
the  west  side  6  in.  above  the  horizontal  diameter,  and  crushing  of  the  concrete 
at  the  extremities  of  the  horizontal  diameter  became  apparent.  The  crack 
at  the  bottom  was  54-in.  wide  and  that  at  the  top  y2-'m.  At  23,000  lb.  per 
lin.  ft.  a  crack  appeared  on  west  side  somewhat  above  the  horizontal  diameter. 
At  30.500  lb.  per  lin.  ft.  the  vertical  diameter  was  3  ft.  7.5  in.  and  the  horizontal 
4  ft.  4.5  in.  The  test  was  discontinued,  although  the  ring  was  still  taking  an 
increasing  load. 

No.  906.  At  a  load  of  4,800  lb.  per  lin.  ft.  and  a  deflection  of  0.03  in.  a  crack 
appeared  at  the  bottom.  At  4.950  lb.  per  lin.  ft.  one  appeared  at  the  top.  The 
load  fell  off  to  4,250  lb  per  lin.  ft.  At  a  deflection  of  0.3  in.  and  a  load  of 
5.050  lb.  per  lin.  ft.  cracks  formed  at  the  sides.  These  cracks  gradually  wid- 
ened as  the  deflections  and  loads  were  increased.  A  new  crack  appeared  at 
one  side  8  in.  above  the  extremity  of  the  horizontal  diameter  at  15.500  lb.  per 
lin.  ft.  and  one  in  a  similar  place  on  the  other  =;de  at  20.500  \h.  per  lin.  ft. 
The  crack  at  the  bottom  was  %-in.  wide  at  a  load  of  10.500  lb.  per  lin.  ft., 
0.5  in.  at  30,500  lb.  per  lin.  ft.,  and  34-in.  at  40  500  lb.  per  lin.  ft.  and  that  at 
the  top  was  fc, — H  and  1  in.  at  the  same  loads.  At  the  maximum  load 
of  44,000  lb.  per  lin.  ft.  there  was  crushing  at  the  sides,  and  a  circumferential 
crack  formed.  The  vertical  diameter  was  3  ft.  8.5  in.  and  the  horizontal  4  ft. 
3-5  fa- 
it is  evident  that  in  these  tests  after  the  cracks  appeared  the  rings 
did  not  act  as  a  single  structure  but  instead  formed  four  pieces  under 
equilibrium  somewhat  as  shown  in  Fig.  22.  Without  adequate  lateral 
restraint,  equilibrium  would  not  be  maintained,  and  if  the  elasticity 
of  an  embankment  failed,  stability  would  be  lost.  With  the  lateral 
pressure  maintained,  failure  occurs  by  crushing  of  the  concrete. 

Distributed  Load  Tests  of  Reinforced  Concrete  Rings. — The  tests 
on  the  reinforced  concrete  rings  and  pipe  followed  the  method  used 
in  the  tests  of  the  cast  iron  rings  and  pipe.  The  reinforced  concrete 
rings  were  tested  in  the  small  box,  using  the  600,000  lb.  testing  ma- 
chine, and  the  reinforced  concrete  pipe  were  tested  in  the  hydraulic 
jack  machine. 

In  the  reinforced  concrete  rings  cracks  appeared  early  in  the  test 
on  the  tension  side  at  the  top  and  bottom,  but  the  load  continued  to 
increase,  and  from  this  point  to  a  load  of,  say  1,500  lb.  per  lin.  ft. 
the  reinforced  concrete  rings  were  much  stiffer  than  the  plain  con- 
crete rings  and  were  evidently  acting  as  reinforced  concrete  struct- 
ures. During  this  stage  numerous  cracks  appeared  at  the  top,  bot- 
tom, and  sides  similar  to  the  tension  cracks  found  in  the  test  of  re- 
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inforced  concrete  beams,  and  these  increased  in  size.  In  part  of  the 
rings  the  cracks  at  the  top  and  bottom  increased  in  width  to  such  an 
extent  as  to  show  failure  by  the  steel  becoming  stressed  past  its  yield 
point.  In  a  number  of  the  rings  this  did  not  occur  but  instead  the 
concrete  was  stripped  or  split  off  over  the  bars  by  the  bars  straight- 
ening out  and  pulling  away  from  the  interior  concrete.  In  a  few 
cases  this  was  due  to  poor  fabrication,  the  bars  being  placed  too  close 
to  the  inner  surface,  but  evidently  this  feature  is  a  source  of  weak- 
ness in  such  construction.  In  No.  972,  in  which  the  bars  at  the  top 
and  bottom  were  made  with  a  much  flatter  arc,  and  in  No.  976  and 
977,  in  which  stirrups  were  used,  stripping  of  the  concrete  did  not 
develop  and  the  steel  was  stressed  beyond  its  yield  point.  This  oc- 
curred also  in  No.  923.  In  all  cases  after  the  yielding  of  the  steel  or 
the  stripping  of  the  concrete  the  action  of  the  ring  in  the  test  was 
much  the  same  as  in  the  tests  of  the  plain  concrete  rings,  and  there 
seems  to  be  no  characteristic  difference  either  in  the  loads  or  the 
amount  of  deflection  except  that  the  cracks  did  not  open  up  wide  at 
the  sides  and  the  angular  displacement  was  distributed  over  a  larger 
number  of  cracks.  This  view  is  borne  out  by  the  fact  that  for  this 
stage  of  the  test  the  deflections  for  all  the  reinforced  concrete  rings 
fall  ( See  Fig.  19)  between  the  lines  for  No.  903  and  906,  the  two 
plain  concrete  rings.  It  is  evident  that  the  action  of  the  ring  in  the 
later  part  of  the  test  is  much  the  same  as  that  of  the  plain  concrete 
rings  in  that  equilibrium  is  maintained  by  the  lateral  restraint  of  the 
sand  and  that  the  integrity 'of  the  structure  is  based  upon  the  develop- 
ment and  the  maintenance  of  this  lateral  pressure.  The  following 
are  notes  of  the  tests. 

Xo.  921.  A  fine  crack  appeared  at  the  bottom  at  3,500  lb.  per  lift.  ft.  at  a 
deflection  of  0.14  in.,  two  more  at  4,500  and  one  at  top  at  5.C00  lb.  per  lin.  ft. 
The  concrete  began  breaking  off  at  the  bottom  at  5,500  lb.  and  at  the  top  at 
7,000  lb.  per  lin.  ft.  The  rods  broke  through  and  the  concrete  stripped  off  at 
9,000  lb.  per  lin.  ft.  Circumferential  cracks  appeared  at  a  load  of  13,000  lb. 
per  lin.  ft.  and  others  appeared  at  higher  loads.  Crushing  at  sides  noticed 
at  16,500  lb.  per  lin.  ft.  and  was  crushing  freely  at  a  load  of  23.500  lb.  per  lin. 
ft.,  when  the  deflection  was  5.5  in. 

Xo.  922.  Fine  crack  appeared  at  bottom  at  3,500  lb.  per  lin.  ft.  and  one  at 
top  at  3,500  lb.  per  lin.  ft.  Other  cracks  appeared  at  top  and  bottom  from 
4,500  to  6,500  lb.  per  lin.  ft.  and  at  sides  at  7,500  lb.  per  lin.  ft.  Rods  broke 
through  concrete  at  12,500  lb.     Load  continued  constant  at  18,500  lb. 

Xo.  923.  In  this  test  the  rods  holding  the  sides  of  the  box  were  loosened 
at  times,  leaving  little  side  restraint.  The  load  then  would  not  increase  until 
there  was  sufficient  increase  in  the  diameter  to  bring  added  pressure  against 
the  ring.  A  fine  crack  appeared  at  the  bottom  at  2,250  lb.  per  lin.  ft.  and  one 
at  the  top  at  3,000  lb.  per  lin.  ft.  Crushing  at  sides  at  8,000  lb.  per  lin.  ft.,  and 
circumferential  cracks  formed.  At  10,500  lb.  per  lin.  ft.  one  rod  broke  out  at 
bottom.  Test  discontinued.  The  large  deflection  due  to  thi^  method  of  test- 
ing is  shown  in  Fig.  19. 

Xo.  976.  Fine  cracks  appeared  at  top  and  botti  m  at  4,000  and  6,000  and 
7,000  lb.  per  lin.  ft.  Three  tension  cracks  finally  opened  up  wide  at  the  bottom 
and  two  at  the  top.  No  evidence  of  bars  pulling  away  from  the  ring  Crush- 
ing began  at   19.000  lb.  per  lin.   ft. 
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No.  977.  Fine  cracks  appeared  at  top  at  4,000  and  6,000  lb.  and  at  the  bottom 
at  7,000  lb.  per  lin.  ft.,  and  more  at  8,coo  lb.  Bottom  cracks  were  gradually 
opening  at  9,000  lb.  per  lin.  ft.  Failure  by  tension  in  steel  at  top  and  bottom 
was  apparent  at  16,000  lb.  per  lin.  ft.  No  signs  of  bars  pulling  away.  Crushing 
cf  concrete  at  20,000  lb.  per  lin.  ft.    Test  discontinued  at  21,000  lb.  per  lin.  ft. 

Distributed  Load  Test  of  Pipe. — The  results  of  the  distributed  load 
tests  of  reinforced  concrete  pipe  are  quite  similar  to  those  of  the 
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tests  of  rings.  Fine  cracks  became  visible  on  the  inner  surface  at 
the  top  and  bottom  at  loads  from  5,000  to  11,000  lb.  per  lin.  ft.,  the 
amount  of  the  load  depending  upon  the  percentage  of  reinforcement, 
and  numerous  fine  cracks  soon  formed.  Circumferential  cracks  ap- 
peared at  loads  somewhat  greater,  generally  next  to  the  bell.  At 
higher  loads  the  cracks  became  somewhat  larger  though  they  did  not 
open  up  until  much  later  and  in  several  cases  in  place  of  tension 
cracks  opening  diagonal  shear  cracks  appeared,  similar  to  those  found 
in  tests  of  reinforced  concrete  beams.  There  was  evidently  a  change 
in  the  character  of  the  load-deflection  diagram  at  this  time,  and  the 
critical  load  given  in  Table  7  is  somewhat  above  the  changes  here 
noted.  The  amount  of  the  deflection  of  the  pipe  at  the  time  of  the 
critical  load  averaged  about  0.4  in.  In  several  cases  stripping  of  the 
concrete  from  the  reinforcing  bars  at  the  top  and  bottom  of  the  pipe 
occurred  as  in  the  tests  of  rings,  but  it  generally  appeared  later  and 
was  not  so  serious  as  in  the  case  of  the  rings.  The  action  of  the  pipe 
at  loads  beyond  the  critical  load  above  referred  to  was  quite  differ- 
ent from  that  at  previous  loads,  but  the  reinforcement  evidently  acted 
to  hold  the  concrete  together  in  the  four  quarters  and  the  pressure 
was  concentrated  near  the  edge  at  the  four  quarter  points,  the  pipe 
being  held  from  total  failure  by  the  lateral  restraint  formed  by  the 
pressure  of  the  sand  at  the  sides  of  the  pipe  in  much  the  same  way 
as  has  already  been  described  for  the  reinforced  concrete  rings. 
Crushing  of  the  concrete  began  to  take  place  at  the  sides  and  top  at 
loads  near  the  maximum  load,  and  after  the  vertical  deflections  had 
increased  to  3  or  4  inches,  this  crushing  became  marked,  the  load 
dropped  off,  and  the  test  was  discontinued.  Fig.  12  gives  views  of 
the  condition  of  the  reinforced  concrete  pipe  at  the  end  of  the  test. 
The  following  are  notes  of  the  tests. 

Pipe  No.  981.  This  pipe,  which  was  reinforced  with  %-'m.  corrugated  bars, 
was  given  a  preliminary  loading  in  the  testing  box,  the  load  being  applied 
through  I-beams  used  as  levers.  The  center  of  the  load  was  placed  so  that  it 
was  11-in.  closer  to  the  bell  than  was  the  center  of  the  pipe.  In  this  test  cracks 
first  became  visible  at  top  and  bottom  at  a  load  of  8,100  lb.  per  lin.  ft.  These 
cracks  extended  from  end  to  end  of  the  pipe.  Others  appeared  at  top  and 
bottom  as  the  deflection  increased,  and  circumferential  cracks  appeared  in  the 
bell  at  11,100  lb.  per  lin.  ft.  The  loading  was  increased  to  11,600  lb.  per  lin.  ft. 
at  which  point  the  I-beams  commenced  to  buckle  and  the  test  was  discontinued. 

This  pipe  was  afterward  tested  to  destruction  in  the  hydraulic  jack  ma- 
chine. This  time  the  load  center  was  8  in.  off  the  pipe  center  toward  the  bell. 
The  cracks  above  noted  reopened  and  large  radial  and  circumferential  cracks 
appeared  in  the  bell  at  a  load  of  18,800  lb.  per  lin.  ft.  At  21,500  lb.  per  lin. 
ft.  one  crack  in  the  bottom  was  quite  large  from  end  to  end  and  at  27,000 
lb.  per  lin.  ft.  crushing  of  the  concrete  commenced  on  the  inside.  Large  pieces 
fell  off  the  bell,  exposing  the  steel,  when  29,700  lb.  per  lin.  ft.  was  reached, 
and  at  30,600  lb.  per  lin.  ft.  the  maximum  was  reached  and  the  test  discon- 
tinued. 

Pipe  Xo.  982.  This  pipe  was  reinforced  with  ^-in.  corrugated  bars  and  was 
149  days  old  at  the  time  it  was  tested.  This  pipe  was  heated  by  steam  coils 
to  accelerate  its  hardening  and  examination  showed  that  the  concrete  was 
somewhat  injured  thereby.  It  was  loaded  8  in.  off  the  center.  At  a  load  of 
11,000  lb.  per  lin.  ft.  circumferential  cracks  appeare  1  at  top  and  bottom  in  the 
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bell,  and  hair  cracks  appeared  at  top  and  bottom  in  the  spigot  end.  The 
cracks  opened  up  wider  as  the  deflection  increased  and  at  18,500  lb.  per  lin. 
ft.  crushing  commenced  inside  the  bell  end,  soon  extending  from  end  to  end 
of  the  pipe.  At  22,200  lb.  per  lin.  ft.  diagonal  cracks  appeared  at  top  and 
sides  somewhat  like  shear  cracks  and  soon  crushing  commenced  on  both  sides 
about  20°  above  the  horizontal  diameter.  At  a  load  of  25,000  lb.  per  lin.  ft. 
the  test  was  discontinued. 

Pipe  No.  983.  This  pipe  was  reinforced  with.  j4-in.  corrugated  bars.  The 
load  center  was  5  in.  off  the  pipe  center  toward  the  bell.  Tension  cracks  devel- 
oped at  the  top  in  both  ends  at  a  load  of  4,900  lb.  per  lin.  ft.  and  a  crack  ap- 
peared at  the  bottom  at  6,700  lb.  per  lin.  ft.  These  cracks  opened  up  wider  and 
cracks  appeared  in  the  bell  at  a  load  of  10,400  lb.  per  lin.  ft.  Crushing  com- 
menced on  both  sides  at  21,600  lb.  per  lin.  ft.  and  at  23,400  lb.  per  lin.  ft.  the 
maximum,  an  average  change  in  the  vertical  diameter  of  3.03  in.  was  noted, 
which  increased  rapidly  as  th<".  lo-^d  was  held  on  the  pipe.         , 

Pipe  No.  987.  This  test  was  made  with  the  load  2.5  in.  off  center.  This 
pipe,  which  was  reinforced  with  fence  wire,  cracked  end  to  end  at  both  top 
and  bottom  at  a  load  of  4,950  lb.  per  lin.  ft.  At  6,800  lb.  per  lin.  ft.  radial 
and  circumferential  cracks  appeared  all  through  the  bell.  As  the  deflection 
increased  the  cracks  opened  wider  and  when  a  load  of  10,500  lb.  per  lin.  ft. 
reached,  crushing  commenced  on  both  sides  near  the  bell  and  immedi- 
ately extended  end  to  end  of  the  pipe.  The  bell  commenced  breaking  away 
from  the  barrel  at  20,000  lb.  per  lin.  ft.  and  a  maximum  was  reached  at  a  load 
of  23.800  lb.  per  lin.  ft.  The  appearance  of  this  pipe  in  the  latter  stages  of  the 
indicated  that  the  load  was  applied  over  a  small  portion  of  the  surface, 
thus  approaching  a  concentrated  load.  This  may  be  the  explanation  of  the 
arge  deflection  found  in  this  test. 

Pipe  No.  988.  This  pipe,  which  was  loaded  1.5  in.  off  center  toward  the  bell, 
\va~  reinforced  with  Clinton  wire  mesh,  the  wire  being  No.  3.  The  first  fine 
cracks  appeared  in  both  top  and  bottom  and  extended  end  to  end  at  a  load  of 
6,700  lb.  per  lin.  ft.  At  a  load  of  12,300  lb.  per  lin.  ft.  the  first  cracks  had 
opened  wider  and  shear  cracks  were  appearing  in  the  bottom  of  the  spigot  end. 
At  16,000  lb.  per  lin.  ft.  shear  cracks  opened  in  the  top  of  the  bell  and  tension 
cracks  opened  at  both  ends  in  the  sides  of  the  pipe.  Crushing  then  started  on 
the  inside  and  a  maximum  was  reached  at  a  load  of  30,900  lb.  per  lin.  ft. 

Comparison  and  Discussion. — Table  7  gives  the  loads  at  the  ap- 
pearance of  the  first  crack,  the  maximum  load  carried,  a  socalled 
critical  load,  and  a  comparison  of  the  critical  load  with  the  resisting 
moment  of  the  pipe  or  ring  acting  as  a  reinforced  concrete  structure. 
By  the  first  crack  is  meant  the  first  crack  which  was  observed,  a  very 
fine  crack  similar  to  the  fine  cracks  which  appear  in  reinforced  con- 
crete beams  and  which  did  not  interfere  with  the  strength  or  dura- 
bility of  the  structure.  The  critical  load  is  taken  at  the  point  where 
there  is  a  marked  change  in  the  direction  of  the  load-deflection  dia- 
gram and  where  it  becomes  more  nearly  a  straght  line.  There  was 
at  or  about  this  load  a  noticeable  change  in  the  pipe,  shown  by  the 
tension  cracks  enlarging  or  by  the  shear  cracks  formed.  It  seems 
evident  that  up  to  this  point  the  resistance  of  the  pipe  is  that  of  a 
reinforced  concrete  beam  and  that  beyond  this  critical  load  the  ac- 
tion of  the  reinforcement  is  principally  to  hold  the  parts  of  the  ring 
together  and  the  main  resistance  is  the  compressive  strength  of  the 
concrete  at  the  top,  bottom,  and  side  points  against  pressure  induced 
by  the  arch  action  made  by  the  lateral  pressure  and  restraint  of  the 
sand  at  the  sides.     This  view  is  corroborated  by  the  amount  of  de- 
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flection  and  by  the  similarity  of  action  and  of  deflections  in  the  tests 
of  the  Jackson  pipe  and  of  the  plain  concrete  rings.  The  column 
headed  t  gives  the  average  distance  from  the  center  of  the  reinforcing 
bars  to  the  compression  face  of  the  concrete  at  the  top  and  bottom.  No 
allowance  has  been  made  in  the  calculations  for  the  greater  size  and 
stiffness  of  the  bell.     The  column  headed  M'  gives  the  bending  mo- 
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Load. 
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nient  calculated  from  the  critical  load  on  the  basis  that  the  load  is 
evenly  distributed  over  the  horizontal  section  and  that  there  is  no  side 
restraint.  The  column  headed  Mo  gives  the  resisting  moment  as  a 
reinforced  concrete  beam  by  the  formula  0.87  A.  f  t  and  is  based  upon 
the  strength  of  the  steel  at  its  yield  point  as  the  controlling  element.  A 
is  the  area  of  the  reinforcement  in  a  length  of  pipe  of  1  foot,  t  is  the 
distance  from  the  center  of  the  reinforcement  to  the  compression  face 
of  the  concrete  and  f  is  the  strength  of  the  steel  at  the  yield  point, 
which  is  here  taken  to  be  46,400  lb.  per  sq.  in.  for  the  rings  and  55,000 
lb.  per  sq.  in.  for  the  pipe.  For  the  condition  that  the  reinforced  con- 
crete fails  by  the  tension  of  the  steel  at  its  yield  point,  that  the  load  is 
uniformly  distributed  over  a  horizontal  section  and  that  there  is  no  lat- 
eral restraint,  the  ratio  of  the  two  moments  should  be  unity.  If  the  re- 
sisting moment  due  to  the  steel  is  not  developed,  as  in  the  case  of  No. 
982  where  a  large  amount  of  reinforcement  is  used,  this  ratio  will  be 
greater  than  unity.  In  case  that  there  is  side  restraint  the  effect  will 
be  to  reduce  the  ratio  to  an  amount  less  than  unity,  provided  both 
the  horizontal  pressure  and  the  vertical  pressure  are  uniformly  dis- 
tributed. For  these  conditions  the  amount  of  the  ratio  should  be 
1 — q  as  given  in  equation  (  5).  That  is  to  say,  if  the  ratio  is  0.75  the 
lateral  pressure  would  be  25%  of  the  vertical  pressure.  In  case  the 
load  is  not  uniformly  d'stributed  over  the  horizontal  section  this  rela- 
tion would  not  hold  and  the  tendency  of  any  concentration  of  the 
load  near  the  center  of  the  top  of  the  pipe  would  be  to  give  a  larger 
ratio  than  would  otherwise  be  found.  This  is  complicated  by  the 
probability  of  uneven  distribution  of  the  loads  along  the  length  of 
the  pipe. 

It  is  noticeable  that  No.  982  has  a  high  ratio.  This  is  the  pipe  with 
the  large  percentage  of  reinforcement  and  made  of  concrete  which 
seems  to  have  been  injured  in  curing.  With  this  exception  the  ratios 
are  generally  less  than  unity  and  their  average,  is  not  far  from  the 
average  found  in  the  distributed  load  tests  of  the  cast-iron  pipe  and 
rings.  Ring  No.  923  in  which  the  rods  were  kept  loosened  so  that 
there  was  no  lateral  restraint  has  a  somewhat  higher  ratio  and  agrees 
fairly  well  with  the  calculated  value. 

After  the  critical  load  has  been  passed  the  reinforced  concrete  ring 
will,  under  the  conditions  of  the  test,  bear  a  considerably  higher  load 
than  the  critical  load,  though  it  must  be  understood  that  this  load 
comes  after  the  reinforcement  ceases  to  act  as  in  a  reinforced  con- 
crete beam,  that  the  cracks  formed  are  such  that  the  reinforcement 
may  be  exposed  and  the  durability  of  the  structure  threatened,  and 
that  the  -trength  of  the  pipe  is  dependent  upon  the  maintenance  of 
the  lateral  restraint  of  the  sand  at  the  sides. 

GENERAL  COMPARISON  OF  RESULTS. 

Comparison  of  Methods  of  Loading. — The  tests  under  concen- 
trated load  for  both  the  cast-iron  and  the  reinforced  concrete  rings 
gave  results  which  are  consistent  with  analysis,  both  as  to  strength 
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of  the  rings  and  as  to  the  nature  of  the  deflection  curves  and  the 
amount  of  the  deflection.  The  cast-iron  rings  broke  suddenly,  but  the 
reinforced  concrete  rings  (as  shown  in  Fig.  19)  maintained  the  maxi- 
mum load  until  the  deflections  had  increased  materially.  It  is  evi- 
dent that  the  reinforced  concrete  structure  may  be  deflected  much 
beyond  the  amount  which  is  produced  by  the  critical  load  before 
final  failure  results. 

In  the  discussion  of  the  tests  under  distributed  load  for  both  the 
cast-iron  pipe  and  the  reinforced  concrete  pipe,  it  was  noted  that  the 
determination  of  the  resistance  of  the  pipe  to  distributed  load  is 
much  complicated  by  the  uncertainty  in  the  distribution  of  the  load 
and  in  the  amount  of  lateral  pressure  which  may  be  developed.  It 
is  worth  while,  however,  to  make  a  discussion  of  the  observations 
and  calculations  to  see  what  conclusions  may  be  drawn.  In  Table  4 
already  referred  to,  are  given  values  of  the  bending  moment  and  re- 
sisting moment  developed  in  the  cast-iron  pipe,  and  in  Table  7  values 
of  these  moments  for  the  reinforced  concrete  pipe.  As  has  alreadv 
been  noted,  the  expression  used  for  the  bending  moment,  1/16  Wd, 
is  based  upon  the  assumption  that  the  load  is  uniformly  distributed 
over  the  horizontal  section  both  longitudinally  and  transverselv,  and 
also  that  there  is  no  lateral  restraining  pressure.  The  value  of  the 
iesisting  moment  in  Table  4  is  based  upon  the  modulus  of  rupture 
determined  from  the  tests  of  the  cast-iron  rings  under  concentrated 
load.  The  value  of  the  resisting  moment  of  the  reinforced  concrete 
pipe  in  Table  7  is  based  upon  the  ordinary  formula  for  strength  of  a 
reinforced  concrete  beam  at  the  yield  point  of  the  reinforcement  and 
does  not  consider  that  failure  by  diagonal  shear  or  other  cause  may 
occur  earlier. 


Fig.  22.    Action  of  Unreinforced  Pipe  under  Distributed  Load. 

Under  the  above  assumptions  the  ratio  of  the  resisting  moment  to 
the  bending  moment  developed,  as  given  in  the  above  table,  should 
be  unity.  If  a  lateral  pressure  acts  the  ratio  should  be  less  than 
unity  and  its  value  would  correspond  to  the  1 — q  of  equasion  (5).  If 
the  lateral  pressure  is  25%  of  the  vertical  pressure,  both  being  as- 
sumed to  be  uniformly  distributed,  the  ratio  would  be  0.75.  If, 
however,  the  load  is  not  uniformly  distributed  over  the  horizontal 
section  the  effect  would  be  to  give  a  larger  ratio  in  the  calculations 
made  than  would  be  found  if  the  actual  distribution  of  the  load  were 
known  and  used.     The  effect  of  the  bell  itself  may  possibly  make 
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the  resisting  moment  of  the  pipe  smaller  than  is  assumed  in  the 

tabl  -  - 

The  average  value  of  the  ratio  in  the  table  for  the  cast-iron  pipe 

somewhat  less  than  unity.  It  has  been  suggested  that  the  higher 
values  of  this  ratio  may  be  due  to  uneven  bedding  and  distribution 
of  the  load  and  this  is  borne  out  by  some  of  the  observations  of  the 
test.  The  lower  values  of  the  ratio  indicate  the  presence  of  con- 
siderable lateral  pressure,  and  the  effect  of  no  lateral  pressure  upon 
deflections  is  quite  apparent  in  the  test  of  cast-iron  pipe  No.  990 
and  in  the  reinforced  concrete  ring  No.  923  where  the  horizontal  re- 
straining rods  were  kept  loosened. 

Evidently  there  is  more  or  less  variation  in  the  conditions  of  the 
test  and  probably  also  in  the  resisting  strength  of  the  pipe.  In  the 
reinforced  concrete  rings  and  pipe  the  selection  of  the  critical  load 
d  in  Table  7  is  dependent  somewhat  upon  judgment,but  the  values 
have  been  compared  with  the  conditions  in  the  concentrated  load 
tests  and  changes  which  may  be  made  by  different  individuals  would 
not  affect  the  results  materially.  The  value  of  the  ratio  of  the  two 
moments  is  seen  to  be  quite  similar  to  those  given  in  the  table  for 
the  cast-iron  pipe,  and  its  average  is  under  unity.  Evidently  the 
conditions  relating  to  the  distribution  of  load  and  the  effect  of  the 
lateral  pressure  are  similar  to  those  found  in  the  test  of  cast-iron 
pipe.  For  high  percentages  of  reinforcement  or  with  steel  of  a  high 
clastic  limit,  like  drawn  wire,  the  pipe  is  likely  to  fail  by  other  forms 
failure  than  through  the  steel  being  stressed  beyond  its  yield 
point. 

In  the  reinforced  concrete  pipe  beyond  the  so-called  critical  load 
the  action  of  the  structure,  as  has  already  been  stated,  is  quite  dif- 
ferent and  the  final  failure  is  through  crushing  of  the  concrete.  It 
would  seem  that  this  strength  is  available  in  an  emergency,  though 
the  condition  of  the  concrete  in  reference  to  cracks  and  defects  may 
be  such  as  to  affect  the  durability  of  the  structure.  _ 

Measure  of  Strength  of  Pipe. — From  these  tests  it  seems  evident 
■that  the  lateral  restraint  is  considerable  and  that  the  pressure  exerted 
at  the  sides  aids  considerably  in  holding  the  pipe  from  large  deflec- 
tions and  thus  strengthens  it  materially,  but  at  the  same  time  the 
apparent  effect  of  this  is  largely  counteracted  by  the  lack  of  uni- 
formity in  the  distribution  of  the  load  and  the  lateral  pressure,  which 
!t=  in  making  the  bending  moment  of  he  vertical  load  larger 
than  the  assumed  moment  reduction  in  the  ratio  1 — q  below  unity 
which  may  be  found  in  the  tests  may  be  considered  to  be  merely  an 
added  safeguard.  It  will  probably  be  best  then  to  use  1/16  Wd  for 
the  bending  moment  coming  upon  such  a  pipe  when  the  bedding  and 
lateral  filling  is  well  done,  considering  any  reduction  in  the  ratio  of 
moments  here  discussed  only  as  a  margin  of  safety.  In  case  of 
careless  or  indifferent  bedding  or  filling  the  lack  of  uniformity  of 
distribution  of  pressure  transversely  and  longitudinally  will  require 
that  a  higher  bending  moment  than  1/16  Wd  be  used. 
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The  strength  of  cast-iron  pipe  may  be  calculated  by  using  in  the 
expression  for  resisting  moment,  a  value  of  the  modulus  of  rupture, 
say,  25 7c  less  than  the  modulus  of  rupture  obtained  by  breaking 
small  beam  test  specimens  of  the  same  metal.  The  effect  of  the 
presence  of  the  bell  is  somewhat  uncertain  but  it  is  quite  probable 
that  greater  strength  could  be  obtained  by  distributing  the  metal 
of  the  bell  throughout  the  barrel  of  the  pipe.  It  should  be  noted, 
too,  that  it  is  probable  that  the  quality  of  the  cast-iron  pipe  tested 
was  better  than  the  ordinary  run  of  cast-iron  culvert  pipe,  used  by 
railroads.  In  the  tests  the  cast-iron  pipe  failed  at  the  maximum 
li.iad  and  the  load  sustained  dropped  off  suddenly,  indicating  that 
there  would  be  a  complete  collapse  under  a  dead  load. 

The  critical  strength  of  reinforced  concrete  culvert  pipe  where 
the  reinforcement  does  not  exceed,  say,  0.75  of  1%  and  is  of  medium 
steel  may  be  measured  by  the  resisting  moment  calculated  by  the 
ordinary  beam  formula.  This,  of  course,  is  with  good  concrete. 
The  resistance  against  diagonal  tension  and  stripping  of  the  con- 
crete over  the  bars  may  be  improved  by  flattening  the  arc  around  the 
top  and  bottom  and  possibly  by  the  use  of  strirrups  at  these  points. 
The  actual  load  which  the  reinforced  concrete  pipe  will  take  above 
this  critical  load  is  a  great  safeguard.  The  property  which  a  re- 
inforced concrete  beam  has  of  holding  a  load  near  its  maximum 
load  through  a  considerable  deflection  may  be  of  great  value  in  case 
the  earth  at  the  sides  yields  and  the  pipe  must  follow  it  to  get  the 
benefit  of  side  restraint. 

Loads  and  Failures. — The  distributed  load  tests  herein  described 
were  made  with  the  filling  of  sand  carefully  placed  and  packed.  It 
is  evident  that  the  condition  of  the  bedding  and  filling  and  also  the 
nature  of  the  materials  used  in  filling  over  the  pipe  will  have  a  great 
influence  "upon  the  amount  of  the  load  and  upon  its  distribution. 
The  experience  in  the  breaking  of  vitrified  pipe  sewers  is  analogous. 
Many  cases  of  breakage  of  lines  of  pipe  sewer  have  been  reported 
in  diameters  from  18  in.  upward.  These  instances  have  occurred  in 
rock  and  clay  more  generally,  though  such  failures  are  found  in  sand 
and  quick-sand.  The  load  which  will  come  upon  such  sewer  pipe 
from  the  trenches  will  vary  with  the  manner  of  filling  and  the  nature 
of  the  soil,  as  has  already  been  suggested.  Failures  of  cast-iron  pipe 
under  high  embankments  have  been  reported.  In  some  of  these 
cases  the  loose  rock  which  was  used  for  filling  produced  high  loads. 
The  effect  of  the  manner  of  filling  and  of  the  nature  of  the  material 
and  the  cause  and  prevention  of  such  breakages  would  make  a  long 
paper  bv  themselves.  It  is  hoped,  however,  that  the  discussion  of 
this  paper  will  bring  to  light  instances  of  the  failure  of  culvert  pipe 
with  sufficient  data  to  throw  light  upon  the  loads  which  were  pro- 
duced by  the  embankment.  If  engineers  will  report  the  circum- 
stances attending  such  failures,  the  height  of  the  embankment,  the 
condition  of  the  bedding,  the  nature  of  filling,  the  nature  of  the  ma- 
terials placed  in  the  filling,  and  the  time  which  had  elapsed  after 
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construction  the  information  will  be  very  helpful  in  planning  new 
structures,  particularly  where  new  types  of  construction  like  concrete 
reinforced  concrete  are  to  be  used.     Such  data  will  add  much 
to  the  information  given  in  this  paper. 

TABLE  i. 
Mechanical  Analysis  of  Gravel  Used  in  Reinforced  Concrete  Culvert  Pipe. 


PER  CENT  PASSING 

tve  No. 

Test  No.  1 

Test  No.  2                       Test  No.  3 

Average 

H 

90.5 

93.8                                 9IO 

91.8 

% 

77.1 

81.5                                 78.1 

78.9 

H 

63.O 

68.4                                  65.8 

657 

3 

50.7 

58.0                                 55.O 

54-9 

5 

354 

43-7                          40.2 

39-8 

10 

33-4 

415                 38.3 

2,7-7 

12 

33-1 

41- 1                          37-8 

37-3' 

16 

32.0 

40.4                          37.2 

36.5 

18 

31.7 

39-4                          36.1 

357 

30 

29.6 

36.1                          32.9 

32.9 

40 

23-4 

28.4                          26.0 

25-9 

50 

9.0 

IO.S                   •               TO.I 

99 

74 

5-i 

6.4                          6.0 

5-8 

I50 

i-3 

1.9                           1.7 

1.6 

TABLE  2. 


Internal 

Thickness 

Length 

Lab 

Diameter 

Range 

Average 

over  all 

Furnished 

No. 

inches 

inches 

CAST 

inches 
IRON  PIPES. 

inches 

by 

000 

48 

1-25 

SO 

I.  C.  R.  R. 

991 

48 

1-25 

99 

C.  M.  &  St.  P.  Ry. 

99e 

48 

1-25 

99 

C.  M.  &  St.  P.  Ry. 

993 

48 

1.50 

101 

C.  R.  I.  &  P.  Rv. 

994 

48 

1.50 

96 

C.  R.  I.  &  P.  Ry. 

995 

36 

1. 00 

96 

A.  T.  &  S.  F.  Ry. 

996 

36 

1-25 

96 

A.  T.  &  S.  F.  Ry. 

997 

36 

1. 00 

96 

A.  T.  &  S.  F.  Ry. 

998 

36 

CAST 

1-25 
IRON  RINGS. 

96 

A.  T.  &  S.  F.  Ry. 

99iA 

48 

1-4 

24 

C.  M.  &  St.  P.  Ry. 

991B 

48 

1-25 

24 

C.  M.  &  St.  P.  Ry. 

992A 

48 

24 

C.  M.  &  St.  P.  Ry. 

992B 

48 

I-3I-I-25 

1.28 

23 

C.  M.  &  St.  P.  Ry. 

993A 

48 

I.47-I.35 

1-43 

24 

C.  R.  I.  &  P.  Rv. 

993B 

48 

I-50-I.34 

I.42 

24 

C.  R.  I.  &  P.  Ry. 

094B 

48 

I.63-I.53 

1.58 

24 

C.  R.  I.  &  P.  Ry. 

994C 

48 

1.6 

24 

C.  R.  I.  &  P.  Ry. 

995A 

36 

1. 1 3-0. 00 

1.02 

24 

A.  T.  &  S.  F.  Ry. 

995B 

36 

1.1 

24 

A.  T.  &  S.  F.  Ry. 

996A 

36 

1.44 

24 

A.  T.  &  S.  F.  Ry. 

096B 

36 

I.50-I.27 

1.42 

24 

A.  T.  &  S.  F.  Ry. 

997A 

36 

1.00 

24 

A.  T.  &  S.  F.  Ry. 

997B 

36 

O.98-O.82 

0.91 

24 

A.  T.  &  S.  F.  Ry. 

998A 

36 

125 

24 

A.  T.  &  S.  F.  Ry. 

998B 

36 

I.3I-I.05 

1. 19 

24 

A.  T.  &  S.  F.  Ry. 
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TABLE  3. 
Cast  Iron  Rings — Concentrated  Load. 


Breaking  Load 

No. 

lb.  per  lin.  ft. 

99lA 

l6,2SO 

991B 

10,300 

992B 

11,720 

993B 

12,850 

994B 

I74OO 

994C 

l6,500 

99SA 

9.650 

995B 

13-500 

996A 

I7,500 

996B 

18.5OO 

997A 

6.950 

997B 

6,650 

99SA 

17,500 

098B 

I3.IOO 

Modulus  of 
Rupture 
32,600 
26,000 
27,300 
25,200 
27,600 
25,500 
27,500 
24,000 
33,300 
26,800 
20,600 
21,800 

33-300 
23,800 


Modulus  of 

Elasticity 

1 1 ,000.000 

12,700,000 

9,700,000 

7.780,000 

8.300,000 

8,600,0OO 

10,200,000 

14,300,000 

1 1  ,§40,000 

8,8O0.0O0 

6,500,000 

10,900,000 

12,400,000 

9,700,000 


Remarks 

Failed  at  top. 
Failed  at  bottom. 
Failed  at  top. 
Failed  at  bottom. 

do 
Failed  at  top. 
Failed  at  bottom. 
Failed  at  top. 
Failed  at  bottom. 

do 
Failed  at  top. 
Failed  at  bottom. 
Failed  at  top. 
Failed  at  bottom. 


TABLE  4. 
Cast  Iron  Pipe  and  Rings — Distributed  Load. 


w 

W> 

Mi 

M„ 

Ratio 

Load  at 

Breaking  Load 

\V»d 

fbt* 

H0 

No. 

1st  Crack 

lb.  per 

— — 



lb.  per  lin.  ft. 

lin.  ft. 

PIPES. 

16 

6 

M* 

900 

26.7OO 

37-500 

115,000 

85,600 

0.74 

991 

22,600 

26,400 

81.OOO 

I02.0OO 

1.26 

992 

l6,300 

22,600 

69.OOO 

92,300 

1-34 

993 

34.60O 

54,600 

169.OOO 

102,000 

0.60 

994 

47,300 

49,300 

152,000 

134,000 

0.88 

995 

19,300 

22,200 

52,000 

57,800 

1. 11 

996 

37,300 

37,300 

87,000 

IIO.OOO 

1.26 

997 

25,200 

27.3OO 

63,000 

38,200 

0.61 

998 

29,300 

37,200 

RINGS. 

86,0O0 

93,400 

1.08 

992A 

22.150 

22,150 

68.OOO 

92.500 

1.36 

993A 

-T 

29.250 

29,250 

90.OOO 

104.000 

1. 16 
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TABLE  5. 
Concrete  and  Reinforced  Concrete  Rings  and  Pipe— Data  of  Tests. 


N   , 

901 
902 
907 
908 
911 
912 

903 
906 
926 
928 
931 
932 
933 
934 
952 
953 
971 
923 
921 
922 
927 
951 
972 
976 
977 

985  &  6 

981 

982 

983 

988 

087 


Age  at  Test 
Days 

37 
36 
40 

35 

42 

41 

36 

34 

32 

44 

31 

37 

34 

98 

36 

45 

93 

36 

41 

38 

36 

38 

88 

92 

90 


149 

ITS 

I  S3 
9-' 


Manner  of 
Loading 

RINGS. 

Concentrated 

Concentrated 

Concentrated 

Concentrated 

Concentrated 

Concentrated 

Distributed 

Distributed 

Concentrated 

Concentrated 

Concentrated 

Concentrated 

Concentrated 

Concentrated 

Concentrated 

Concentrated 

Concentrated 

Distributed 

Distributed 

Distributed 

Distributed 

Distributed 

Distributed 

Distributed 

Distributed 

PIPES. 

Distributed 
Distributed 
Distributed 
Distributed 
D'strili'utcd 
D^Himt'-  I 


Critical  Load 

Maximum  Load 

lb. 

lb. 

5,000 

3-900 

5,600 

5,200 

3,000 

4,200 

7,100 

6l,000 

9,600 

88.000 

5,700 

7,100 

5,000 

6,000 

6,350 

6,300 

4,700 

7,200 

8,250 

14,000 

21,000 

20,000 

47,000 

20,000 

-37,000 

16,000 

52,000 

18,000 

50,000 

16.000 

35,ooo 

18,000 

38,000 

20,000 

42,000 

200,000 

166,000 

268,000 

129,000 

215,000 

106,000 

202,000 

76.500 

262,000 

76.^00 

_->■  >_•  nno 

TABLE  6. 
Concrete  and   Reinforced  Concrete  Rings. 


Load  at 

Maximum 

Ratio 

1st  Crack 

Load 

t 

Modulus 

M 

M0 

M0 

No. 

lb.  per 

lb.  per 

of 

1      1 

lin.  ft. 

lin.  ft. 

inches 

Rupture 

0.16  Wd 

0.87  Atf 

M> 

CONCRETE   RINGS. 

OOI 

2,500 

2,500 

6 

300 

902 

1,950 

L950 

6 

234 

907 

1,900 

1,900 

6 

228 

908 

2,300 

2,300 

6 

276 

911 

1,500 

1,500 

6 

180 

912 

2,100 

2,100 

6 

252 

REINFORCED  CONCRETE  RINGS. 

926 
928 

1,500 
1400 

2,850 
3,550 

275 
2.5 

23,700 
29,500 

26,600 

1. 12 

24,200 

931 

2,150 

2,500 

2.75 

20,800 

26,600 

1.28 

932 

1,500 

3,000 

3-0 

25,000 

29,IOO 

I.l6 

933 

1,170 

3,170 

2.0 

26,400 

19400 

0.73 

934 

1,300 

3,150 

25 

26,400 

24,200 

0.92 

952 

I,OO0 

2,350 

2.0 

I9,600 

19400 

0.99 

953 

1,200 

3.60O 

2.25 

29,900 

2I,800 

0-73 

97i 

I.500 

4.T2D 

27«? 

•u.500 

26.600 

0.77 
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TABLE  7. 
Concrete  and  Reinforced  Concrete  Rings  and  Pipes. 


Load  at 

Critical 

M> 

Ratio, 

Maximum 

1st  Crack, 

Load, 

T 

Wd 

Mo 

M0 

Load, 

No. 

lb.  per 

lb.  per 



lb.  per 

lin.  ft. 

lin.  ft. 

inches 

16 

0.87  Atf 

Mi 

lin.  ft. 

CONCRETE    RINGS. 

903 

3,550 

30.500 

906 

4,800 

44.0O0 

CONCRET 

08s 

& 

2,000 

40,00O 

986 

REINFORCED 

CONCRETE    RINGS. 

923* 

2,250 

7,000 

2.50 

22,700 

24,200 

I.06 

10,500 

921 

3,500 

10,000 

2.50 

32,500 

24,200 

0.74 

23,500 

922 

3,250 

10,000 

2.50 

32,500 

24,200 

0.74 

l8,50O 

927 

3,250 

8,000 

2.50 

26,000 

24,200 

0-93 

26,000 

951 

3,200 

9,000 

2.50 

29,200 

24,200 

O.83 

25.OOO 

972 

4,500 

8,000 

2-75 

26,000 

26,700 

1.03 

I7.500 

976 

4,000 

9,000 

3.OO 

29,200 

29,000 

0.99 

I9,0OO 

977 

4,000 

10,000 

3-00 

32,500 

29,000 

O.89 

21,000 

REINFORCED 

CONCRETE  PIPES. 

981 

8,360 

19,500 

3-00 

63,500 

34,700 

0-55 

31,500 

982 

10,060 

15,000 

3-00 

48,800 

72,600 

1.49 

24,8oO 

983 

4,950 

12,500 

3-00 

40,6oO 

34,700 

0.86 

23,800 

988 

6,700 

9,0O0 

3.00 

29,200 

31,400 

987 

4,950 

9,0O0 

3.00 

29,200 

23,800 

*No 

lateral  restraint. 

DISCUSSION. 

President  Lozceth:  Prof.  Talbot's  paper  is  certainly  interesting 
and  instructive,  and  contains  a  great  amount  of  information  not 
found,  so  far,  in  engineering  literature.  There  seems  to  be  a  dearth 
of  reliable  data  about  the  strength  of  large  pipes  under  actual  con- 
ditions,—  iron  pipes  and  especially  concrete  pipes.  There  is  a  great 
deal  of  valuable  information  in  this  paper,  and  it  is  now  before  you 
for  discussion. 

Mr.  C.  H.  Cartlidgc,  m.w.s.e.  :  This  is  a  subject  in  which  I  am 
very  much  interested,  and  while  Prof.  Talbot  has  stated  very  truly 
that  the  question  of  cost  is  one  which  did  not  properly  enter  into  his 
paper,  I  think  it  is  very  pertinent  to  the  subject  as  a  whole.  The 
aim  of  every  maintenance  engineer  on  the  railroad  is  to  do  the  work 
that  has  to  be  done  as  well  and  as  cheaply  as  possible.  It  occurred  to 
us,  on  the  C.  B.  &  Q.  R.  R.,  sometime  ago,  that  we  were  paying  a 
good  deal  of  money  for  cast  iron  pipe.  Our  experience  with  cast 
iron  pipe  has  been  somewhat  variable ;  in  other  words,  sometimes  we 
have  been  very  successful  in  its  use,  and  at  other  times  we  have  had 
failures  of  the  most  unexplainable  kind.  At  one  time  there  was  in 
force  a  rule  to  the  effect  that  only  the  heaviest  cast  iron  water  pipes 
were  to  be  used  for  culverts  under  the  banks,  but  that  no  such  pipes 
were  to  be  used  in  banks  under  10  ft.  or  over  25  ft.  in  height  because 
of  their  liability  to  break.     I  cannot  vouch  for  the  necessity  of  that 
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provision,  however.  At  any  rate  I  know  that  many  cast  iron  pipes  on 
the  C.  B.  &  Q.  R.  R.  have  been  broken.  In  conversing  with  one 
of  the  engineers  on  the  C.  R.  I.  &  P.  Ry.,  he  told  me  that  he  had 
never  seen  a  failure  of  a  cast  iron  pipe.  I  will  not  undertake  to  ex- 
plain here  why  there  should  be  this  difference,  but  on  the  "Burling- 
ton" road  there  are  very  bad  conditions  physically.  A  large  part  of 
the  Road  runs  through  a  farming  country,  where  the  soil  is  clay, 
with  very  little  rock.  A  great  deal  of  it  lies  in  flat,  marshy  bottom, 
with  black  alluvial  soil,  and  the  track  is  built  on  high  embankments. 
We  have  found  that  in  many  cases  the  cast  iron  pipe  failed  within  a 
month  after  being  put  under  these  high  embankments.  Some  of 
these  failures  may  have  resulted  from  careless  bedding.  We  have 
never  had  any  substitutes  for  cast  iron  pipe  which  would  stand  the 
work,  until  we  tried  reinforced  concrete.  We  developed  this  idea 
rather  empirically  and  did  not  attempt  to  make  any  calculations  of 
the  strain,  but  we  have  had  no  failures.  The  concrete  was  put  in, 
in  some  places  under  the  same  conditions  as  the  cast  iron  pipe  was 
put  in,  and  the  cost  was  much  less.  With  the  small  sizes  of  pipe — 2 
ft.  or  somewhat  less — there  is  not  much  difference  in  price.  With 
4  ft.  pipe,  the  cost  is  about  one-half  the  cost  of  cast  iron  pipe.  On 
the  Burlington  road  about  15,000  ft.  of  cast  iron  pipe  has  been  used 
per  year,  in  replacing  bridges,  and  as  any  road  the  size  of  the  Bur- 
lington in  the  west  probably  used  about  the  same  amount,  we  may 
assume  an  average  saving  of  about  one-half,  which  is  an  item  of 
considerable  interest  to  a  maintenance  engineer. 

I  desire  to  say,  in  regard  to  the  tests  of  pipe  made  at  the  University 
of  Illinois,  that  only  two  of  the  concrete  pipes  can  be  said  to  fairly 
represent  the  pipe  we  are  using.  The  others  were  entirely  experi- 
mental. One  of  the  experimental  pipes  was  made  in  the  winter  time. 
In  order  to  expedite  the  seasoning  of  this  pipe  for  the  test  we  heated 
it,  and  very  nearly  ruined  the  concrete.  The  other  pipe  was  rein- 
forced with  a  wire  mesh  and  it  broke,  (with  very  high  deflections) 
under  comparatively  low  load.  We  are  now  making,  near  Mont- 
gomery, a  better  pipe,  I  think,  than  any  we  have  tested,  on  which  we 
expect  to  make  some  further  tests. 

The  method  of  "curing"  the  pipe  seems  to  have  a  great  influence 
on  its  strength.  By  keeping  it  covered  in  summer  we  get  a  better 
concrete  than  we  are  able  to  get  by  leaving  it  out  in  the  open. 

President  Loweth:  Will  Mr.  Cartlidge  say  whether  he  has  in  mind 
the  present  low  price  of  cast  iroa  pipe  in  making  his  comparison  of 
costs?  Cast  iron  pipe  can  be  bought  today  for  about  65  per  cent, 
of  the  ruling  price  of  eight  months  ago,  and  while  there  has  been  a 
large  decrease  in  the  price  of  the  cement  and  labor  entering  into  the 
cost  of  concrete  pipe,  the  speaker  doubts  if  it  has  been  as  great,  rela- 
tively, as  for  cast  iron  pipe. 

Mr.  Cartlidge:  In  making  that  comparison  I  assumed  the  price 
of  cast  iron  pipe  at  $26.00  per  ton,  and  the  price  of  cement  at  $1.00 
per  barrel. 
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President  Loweth:  Did  the  cast  iron  pipe  break  crosswise  or 
crush  ? 

Mr.  Cartlidge:  The  last  view  shown  on  the  screen  was  a  diagram 
of  a  pipe  cut  in  four  sections  and  represents  a  typical  failure  of  a 
cast  iron  pipe,  except  that,  in  many  cases,  it  broke  in  more  than  four 
pieces. 

President  Lozveth:    What  was  the  proportion  of  cement  used? 

Mr.  Cartlidge:  We  used  I  '.4-^2  mixture,  Portland  cement  and 
gravel. 

Mr.  R.  J.  Mershon,  m.w.s.e.  :  The  test  made  at  the  University  of 
Illinois  on  "cast  iron  and  reinforced  concrete  culvert  pipe"  has  in- 
terested the  writer  somewhat  on  account  of  some  experience  he  had 
some  years  ago.  It  seems  to  him,  that  the  tests  made  at  the  Univer- 
sity of  Illinois  are  not  altogether  practical,  for  the  conditions  under 
which  the  tests  were  made.  .The  pipe  was  put. through  a  machine 
with  some  similarity,  of  course,  to  similar  conditions. 

Pipe  embedded  in  the  ground  has  an  elastic  bed  to  rest  upon,  and 
for  any  vertical  pressure  there  is  a  corresponding  and  proportional 
pressure  laterally,  and  all  around  the  pipe  if  properly  laid.  Let  us 
suppose,  for  instance,  that  any  length  and  size  of  pipe  be  laid  in  thirty- 
two  feet  of  water,  which  represents  one  atmosphere,  or  about  fifteen 
pounds  to  the  square  inch  of  vertical  pressure,  then  there  will  also  be 
an  inward  pressure  of  fifteen  pounds  to  the  square  inch  on  the  sides 
of  the  pipe  and  all  around  it,  which  conditions  the  testing  machine 
did  not  give  as  used.  The  same  principles  are  true  with  any  loose, 
even  soil  that  is  well  tamped  around  any  tubing,  pipe  or  brick  work, 
for  if  any  sudden  addition  or  vertical  pressure  is  transmitted  to  the 
soil  about  it  there  is  at  once  a  corresponding  lateral  pressure  on 
the  sides  of  the  pipe,  provided  the  pipe  has  been  properly  laid  and  the 
soil  well  tamped. 

Of  course,  you  may  say,  the  soil  is  not  free  to  move  its  particles 
like  water,  but  for  any  lack  in  that,,  it  favors  the  strength  of  the 
pipe  by  the  soil  wedging  and  arching  over  the  pipe,  which  is  true 
in  all  cases  where  tamping  and  laying  of  the  pipe  has  been  fairly 
done.  The  pressure  over  a  pipe  in  an  embankment  represents  an 
isosceles  triangle  or  arch  with  the  width  of  the  trench  for  its  base. 

I  think,  by  experience,  I  am  borne  out  in  this  by  the  15  in.  18  in. 
and  24  in.  pipes  laid  under  the  "Rock  Island"  and  "Panhandle"  rail- 
ways some  twenty  years  ago,  with  so  little  covering  and  are  intact 
yet  and  can  be  seen.  Those  same  pipe,  if  put  in  the  University  test- 
ing machine,  under  like  conditions,  or  the  103/2  foot,  three  ring  brick 
sewer  on  Wentworth  Ave,  with  a  forty  foot  cut,  would  not  hold  up 
the  saddle,  to  say  nothing  of  hydraulic  jacks ;  but  such  tubing  does 
stand  and  has  stood  for  a  lifetime  with  only  the  soil  for  reinforcing, 
and  are  crossed  and  re-crossed  by  the  heaviest  trains  many  times  a 
day.  It  still  seems  to  the  writer  that  the  reinforcing  of  concrete  pipe, 
either  one  foot  or  four  feet  in  diameter  is  not  necessary,  or  the  use 
of  cast  iron  pipe  unless  in  some  unusual  case.     A  24  in.  diameter 
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"Akron"  pipe  is  ij4  in-  thick,  and  is  considered  by  the  company 
strong  enough  for  any  embankment,  if  well  laid,  but  a  48  in.  diameter 
pipe  is  another  proposition  unless  much  thicker.  A  12  in.  Akron 
sewer  pipe  is  Js  inches  thick;  a  15  in.  is  2  in.  thick;  a  24  in.  single 
strength  is  1%  in.  thick,  and  for  a  48  in.  pipe  about  2l/2  in.  thick  will 
do.  This  thickness  for  a  48  in.  pipe  is  based  on  the  thickness  of 
well  tubing  that  has  stood  for  years  under  a  60  foot  bank  pressure. 
Professor  Rankjne  gives  the  tensile  strength  of  cement  at  280  lbs. 
per  sq.  in. — this  would  give  for  a  48  in  concrete  pipe,  two  feet  long 
and  properly  made,  4,800  pounds. 

Loose  damp  sand  well  tamped,  will  bear  safely  30  lbs.  per  sq.  in. 
sand  loam  45  lbs.  and  clay  60  lbs.  this  pressure  of  30  lbs.  for  damp 
sand  well  tamped,  would  give  50,000  lbs.  for  lateral  pressure  which 
is  almost  exactly  twice  the  breaking  strength  of  4  ft.  cast  iron  pipe 
given  in  Mr.  Talbot's  tables.  The  writer  thinks  that  every  pipe  and 
brick  sewer  in  Chicago  will  bear  out  the  fact  that  reinforcing  of  con- 
crete pipe  up  to  four  feet  in  diameter  is  not  necessary,  nor  the  use  of 
cast  iron  pipe,  so  far  as  breaking  strength  is  concerned,  under  ver- 
tical or  lateral  pressure. 

Often  for  lack  of  proper  help  or  time,  such  work  is  turned  over  to 
the  section  men  with  a  short  visit  from  the  roadmaster,  with  cramped 
places  to  work  in  and  pipe  of  any  kind  tumbled  in  almost  any  way 
with  ballast  and  cobble  stone  dumped  against  the  pipe. 

It  seems  that  more  practical  tests  could  have  been  made  at  the 
University  with  the  same  material  by  constructing  a  larger  box,  put- 
ting three  or  four  foot  of  dirt  under  the  pipe  and  at  the  sides  and 
from  one  to  six  or  eight  foot  over  it,  well  tamped  around  the  pipe, 
then  put  the  pressure  on  and  we  would  have  more  nearly  the  natural 
conditions,  and  the  plain  pipe  would  no  doubt  have  given  good  results. 

Mr.  A.  S.  Baldivin,  m.w.s.e.  :  It  is  very  interesting  to  note  that  we 
shall  be  able  to  get  a  reinforced  concrete  pipe  that  we  may  believe 
will  be  quite  as  efficient  as  cast  iron  pipe  and  at  a  price  considerably 
less.  There  are,  pertaining  to  the  reinforced  concrete  pipe,  many  of 
the  advantages  that  pertain  to  concrete  construction  of  any  other 
character.  The  sections  of  pipe  as  built  are  comparatively  short — 
that  is,  as  compared  with  cast  iron — and  consequently  very  much 
more  economically  and  easily  handled.  This  is  of  great  advantage 
where  the  transportation  is  over  a  long  distance  and  through  a  diffi- 
cult country.  Also,  it  will  be  possible  to  construct  the  reinforced 
concrete  pipes  on  the  ground,  where  it  would  be  almost  impossible 
to  transport  cast  iron  pipe  and  where  the  materials  for  concrete  con- 
struction can  be  transported  very  rapidly  and  easily.  I  have  had 
experience  in  endeavoring  to  transport  cast  iron  pipe  in  a  rough 
country,  and  in  some  cases  it  is  a  much  more  difficult  matter  than 
many  people  imagine. 

Consideration  should  be  given  to  the  fact  that  a  large  amount  of 
cast  iron  pipe  is  broken  in  transit.  Around  any  material  yard  of  a 
new  road  under  construction,  at  the  points  of  delivery,  and  along  the 
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route  you  will  frequently  find  many  sections  of  pipe  broken  in  transit. 

In  comparing  the  cost  of  concrete  pipe  with  cast  iron  pipe,  the 
question  of  length  is  a  factor,  because,  if  it  is  impossible  to  handle 
very  long  sections  of  cast  iron  pipe,  then  the  shorter  sections  become 
more  expensive.  There  are  today,  at  several  points  I  know  of,  man- 
ufacturers who  make  cast  iron  pipe  especially  for  culvert  purposes. 
The  cost  per  ton  of  such  pipe  is  much  greater  than  the  ordinary  water 
pipe  that  can  be  purchased,  and  consequently  k  would  be  fair,  in  com- 
paring costs,  to  take  those  features  into  consideration ;  when  this  is 
done  the  result  is  even  more  in  favor  of  the  concrete  pipe. 

An  interesting  thought  brought  up  by  the  diagrams  given  by  Pro- 
fessor Talbot,  is  the  manner  of  trenching  for  cast  iron  pipe.  I  sup- 
pose most  of  us  have  had  experience  with  having  cast  iron  pipe  break 
under  the  banks.  As  a  rule,  when  they  break  they  would  not,  under 
ordinary  conditions,  be  subjected  to  a  pressure  that  would  justify 
their  breaking  in  a  great  majority  of  cases,  due  to  the  unequal  load- 
ing of  the  pipe,  the  result  being  that  of  course  the  pipe  is  subjected  to 
undue  stress  in  certain  lines,  and  a  fair  comparison  is  not  obtained 
when  considered  in  connection  with  equal  loading. 

The  best  form  of  trench  to  dig  for  pipe  of  any  character,  whether 
cast  iron  or  reinforced  concrete,  is  a  matter  of  considerable  interest. 
I  have  found  it  very  difficult  to  have  the  trench  made  to  suit  the 
pipe.  It  is  almost  impossible  to  have  a  semi-circlar  trench  dug. 
For  example,  if  the  trench  is  dug  as  the  ordinary  laborer  will  dig  it, 
you  get  a  very  unequal  pressure  upon  the  pipe,  and  I  have  found  that 
as  a  rule  the  best  results  are  had  by  making  the  trench  semi-circular 
with  a  larger  hole  than  the  pipe  and  then  carefully  tamping  it  from 
the  bottom  up.  after  the  pipe  is  placed.  It  is  to  be  borne  in  mind 
too,  that  longitudinally,  with  the  pipe  as  it  lies  under  the  embankment, 
it  is  very  difficult  at  times  to  get  an  even  bedding  and  one  that  is 
straight.  Generally  the  pipe  lies  on  a  sloping  surface,  and  that  sur- 
face has  been  cut  unequally,  and  in  an  endeavor  to  get  a  trench  down 
to  a  true  gradient,  the  result  is  the  lower  part  of  the  pipe  is  apt  to 
go  under  the  drainage.  I  shall  be  glad  to  have  some  light  on  what 
would  be  the  relative  value  of  the  reinforced  concrete  pipe  and  the 
cast  iron  pipe  in  case  of  an  unequal  loading.  That  is,  in  case  the  two 
ends  of  the  pipe  were  supported  and  there  was  an  excessive  load  in 
the  middle,  for  that  is  the  test  that  the  pipe  is  most  apt  to  be  put  to. 

Professor  Talbot:  I  do  not  know  of  any  tests  which  would  an- 
swer the  question.  Of  course  cast  iron  pipe  has  its  full  strength  as  a 
beam  longitudinally,  and  that  strength  may  easily  be  calculated.  The 
beam  strength  of  reinforced  concrete  pipe  would  depend  on  the 
amount  of  the  longitudinal  reinforcement.  If  that  is  considerable,  it 
ought  to  have  sufficient  strength  for  the  purpose.  I  think  no  general 
answer  could  be  made  to  Mr.  Baldwin's  inquiry. 

Mr.  Baldwin:  Have  you  considered  the  question  of  longitudinal 
reinforcement? 

Professor  Tolbot:     Not  for  this  purpose. 
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President  Loweth:  The  question  has  been  asked,  why  not  make 
concrete  pipe  without  reinforcement?  This  could  easily  be  done,  but 
such  pipe,  if  equally  strong,  would  be  so  heavy  it  would  be  much 
more  difficult  to  handle. 

Mr.  W.  E.  Wood,  m.w.s.e.  :     I  will  ask  Mr.  Cartlidge  whether  or 
not  he  finds  it  necessary  to  put  shores  in  his  concrete  pipe  when  used 
under  high  embankments,  the  same  as  with  iron  pipe? 
Mr.  Cartlidge:    Yes,  that  is  our  rule. 

Mr.  Wood:  I  have  never  had  much  experience  with  concrete  pipe, 
but  have  had  considerable  experience  with  iron  pipe  ever  since  their 
first  use  for  culverts,  on  the  C.  M.  &  St.  P.  Ry.  We  found  that  a 
great  many  of  the  larger  sized  iron  pipes  broke,  especially  under 
high  embankments,  where  fresh  filling  was  placed  directly  upon  the 
pipes  as  in  filling  a  bridge  which  was  replaced  by  an  iron  pipe  cul- 
ert,  even  though  this  filling  had  been  carefully  placed  and  well  tamped 
around  the  pipe. 

We  put  shores  in  the  larger  pipes  and  leave  them  in  for  two  or 
three  years  until  the  banks  become  somewhat  settled,  and  the  earth 
forms  a  sort  of  natural  arch  over  the  piper  I  remember  one  case  in 
particular,  before  shores  were  used,  where  a  48  in.  diameter  iron  pipe 
was  put  in  to  replace  a  timber  bridge  about  40  or  45  ft.  high.  The 
pipe  was  carefully  laid  and  the  earth  was  well  tamped  around  the  pipe 
by  bridge  men.  The  filling  was  done  with  wheel  scrapers  and 
teams.  Shortly  after  the  filling  of  the  bridge  was  completed,  cracks 
began  to  appear  at  the  top  and  bottom  of  the  pipe  in  the  sections 
of  pipe  directly  under  the  center  of  the  bank,  and  the  pipe  finally 
broke  into  four  pieces,  just  as  has  been  shown  in  Professor  Talbot's 
diagrams,  the  breaks  being  at  the  top  and  bottom  and  at  each  side  of 
the  pipe.  So  that  I  believe  shores  are  necessary  in  cases  of  this 
kind,  to  prevent  failure  of  the  pipe. 

We  have  found  very  few  broken  pipes  where  they  replaced  old 
wooden  box  culverts,  in  which  the  original  embankments  were  not 
di-turbed  to  any  great  extent. 

Mr.  Cartlidge :  There  is  one  feature  in  connection  with  reinforced 
concrete  pipe  that  has  not  been  touched  on  this  evening.  I  think 
everybody  will  agree  that  if  you  will  tie  the  concrete  together  with 
Iron  n><ls  or  wire  mesh,  or  with  expanded  metal,  there  is  less  liability 
of  its  being  distorted  to  so  great  an  extent  as  if  it  were  not  so  tied 
together.  We  will  assume  that  the  reinforced  concrete  pipe  is  going 
to  break  under  the  same  load  as  plain  concrete  pipe ;  we  then  have,  in 
addition  to  the  resistance  power,  whatever  there  is  in  that  reinforce- 
ment to  hold  those  broken  parts  together.  I  think  that  amounts  to 
a  good  deal,  and  it  is  worth  considering  in  that  connection. 

President  Loweth:  That  point  was  plainly  brought  out  in  one  of 
the  diagrams,  where  some  of  the  rings  which  were  not  reinforced, 
had  only  about  one-third  of  the  strength  of  the  reinforced  concrete 
rings. 

Mr.  /:.  .V.  LayHeld,  m.w.s.e.:  It  may  be  worth  while  to  call  at- 
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tention  to  the  fact  that  it  is  quite  gratifying  to  note  that  those  pipes 
behaved,  under  these  tests,  as  it  was  calculated  they  should  behave. 
Mr.  T.  L.  Condron,  m.w.s.e.  :  Mr.  Cartlidge's  last  remarks 
brought  to  my  mind  the  thought  that  there  was  a  certain  amount  of 
distortion  demonstrated  in  the  reinforceed  concrete  pipes  that  was 
not  possible  in  either  the  cast  iron  or  plain  concrete  pipes.  There- 
fore, as  the  pipe  had  its  load  come  on  it  and  the  vertical  diameter 
was  shortened  and  the  horizontal  diameter  lengthened,  one  would 
naturally  find,  by  that  condition,  that  the  side  pressure  would  be  in- 
creased or  the  pipe  would  receive  greater  support  from  the  sides  as  its 
horizontal  diameter  lengthened.  A  pipe  which  could  be  somewhat 
distorted  without  breaking  would,  for  that  very  reason  be  able  to  de- 
velop much  greater  strength  than  if  it  could  not  distort  without 
rupture.  This  probably  accounts  for  some  of  the  very  satisfactory 
behavior  of  the  reinforced  concrete  pipe  in  service. 

Mr.  A.  Rcichmann,  m.w.s.e.:  The  diagrams  of  the  cross  sections 
of  the  pipe  clearly  emphasizes  the  careful  consideration  which  has 
been  given  to  the  using  of  materials  for  which  they  are  best  adapted. 
The  steel  being  used  in  tension  and  the  concrete  in  compression,  for 
which  purpose  it  serves  very  well,  and  in  that  way  by  far  more  econ- 
omical results  are  obtained  than  by  the  use  of  cast  iron  for  pipe  pur- 
poses, as  the  strength  of  the  cast  iron  pipe  is  determined  by  the  ten- 
sile strength  of  cast  iron  which  we  know  to  be  an  uncertain  quantity  ; 
besides,  the  concrete  protects  the  steel  from  rust,  and  the  concrete 
itself  is  far  more  durable  under  ground  that  iron  unprotected.  The 
careful  investigation  of  the  uses  of  various  materials  for  purposes 
to  which  they  are  most  adaptable  in  recent  years,  has  very  materially 
changed  our  methods  of  construction  in  many  cases.  It  has  greatly 
eliminated  the  use  of  cast  iron  for  structural  purposes  and  instead 
either  steel  or  reinforced  concrete  is  being  used. 

Mr.  Baldwin:  I  would  ask  if  any  of  the  gentlemen  present  can 
give  any  information  regarding  what  are  the  actual  effects  of  the 
loading  that  the  pipes  are  generally  subjected  to  in  embankments? 
I  was  told  by  the  Chief  Engineer  of  a  prominent  railroad  company 
several  years  ago  that  he  had  used  cast  iron  pipe  to  a  large  extent 
on  a  road  where  the  fills  were  not  excessively  high  but  the  sup- 
porting ground  a  soft,  alluvial  soil.  The  cast  iron  pipe  broke  and 
had  to  be  taken  out.  He  said  that  in  every  case  careful  measure- 
ment showed  that  the  cast  iron  pipe  had  become  elliptical,  indicating 
an  excess  of  vertical  pressure. 

Mr.  Cartlidge:  That  is  a  point  that  I  intended  to  cover  in  my  re- 
marks. The  soil  on  the  Burlington  Road  is  largely  such  as  Mr. 
Baldwin  calls  alluvial.  The  majority  of  our  breaks  were  in  soil  of 
that  character,  but  the  banks  were  generally  very  high. 

Mr.  G.  T.  Bunker,  m.w.s.e.  :  A  few  days  ago  I  read  in  one  of  the 
technical  papers  a  short  article  about  steel  culvert  pipe,  and  the  state- 
ment was  made  that  a  pipe  is  now  being  made  of  corrugated  shape 
similar  to  corrugated  boiler  tubes.     The  corrugations  seemed  to  add 
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considerably  to  the  strength  of  the  pipe,  as  made  specially  for  culvert 
purposes.  The  article  gave  an  instance  of  some  tests  where  the  pipe 
was  put  close  under  the  ties,  (within  three  or  four  inches),  and  was 
subjected  to  very  heavy  loads.  The  results  of  the  tests  seemed  to 
have  proved  very  satisfactory.  It  is  something  I  know  very  little 
about,  and  I  was  wondering  whether  this  is  not  a  factor  that  should 
be  considered. 

President  Loweth:  In  regard  to  corrugated  steel  pipe ;  the 
speaker  has  no  doubt  but  that  comparatively  thin  metal  corrugated 
pipes,  could  be  made  sufficiently  strong,  but  the  question  would  be 
as  to  their  durability. 

The  experience  of  the  C.  M.  &  St.  P.  Ry.  with  cast  iron  pipe  cul- 
verts has  been  as  follows :  About  fifteen  years  ago  it  was  discovered 
that  many  were  breaking;  the  matter  was  carefully  investigated  at 
the  time,  some  of  the  causes  for  the  failures  were  ascertained,  and 
steps  taken  to  remedy  them.  It  was  found  that  one  cause  was  in 
the  use  of  pipe  of  too  light  weight,  and  since  that  time  heavier  pipes 
have  been  used.  Another  cause  was  that  the  pipes  had  not  been 
properly  bedded.  The  secret  of  the  successful  use  of  either  cast  iron 
or  concrete  culvert  pipes  is  that  they  should  be  carefully  bedded,  and 
no  matter  how  strong  they  may  be,  there  is  great  liability  of  failure 
if  care  in  this  respect  is  not  exercised.  Since  these  defects  have  been 
recognized  and  remedied  there  have  been,  so  far  as  the  speaker's 
observation  goes,  very  few  cases  of  broken  cast  iron  pipe  culverts. 
There  are  many  thousand  iron  pipe  culverts,  and  occasionally  some 
fail,  generally  cracking  longitudinally  along  the  top,  bottom,  and  the 
sides,  and  often  such  failures  are  not  complete  and  the  pipe  is  con- 
tinued in  service  with  perfect  safety.  Of  course  there  are  cases 
where  the  breaks  are  such  as  to  cause  the  removal  of  the  pipes. 

The  paper  presented  this  evening  is  gratifying  to  the  speaker,  in 
that  it  brings  out  the  fact  that  concrete  pipes  can  be  made  which 
will  be  as  strong  as  cast  iron  ones  ;  that  they  are  being  used  by  several 
railroad  companies;  and  that  they  cost  less  than  cast  iron  pipes. 
Then,  the  point  that  Mr.  Baldwin  has  brought  out,  that  it  will  be 
possible  to  make  concrete  pipes  on  the  ground,  is  another  argument 
in  their  favor,  as  frequently  the  sand  or  gravel  could  be  gotten  at  the 
culvert  sites,  leaving  the  cement  only  to  be  hauled  in,  although  doubt- 
less it  would  generally  be  cheaper  to  make  these  in  larger  lots  at 
some  central  point.  One  large  advantage  in  the  use  of  concrete  is 
that  in  many  localities  suitable  sand,  gravel  and  stone  are  found  in 
close  proximity  to  the  work ;  much  of  the  concrete  work  now  being 
done  on  the  Pacific  extension  of  the  C.  M.  &  St.  P.  Ry.  is  made 
with  gravel  obtained  at  the  site,  thus  resulting  in  large  economies. 

Mr.  Reichmann:     I  believe  in  the  past  on  the  lines  of  the  C.  M.  & 

P.  Ry.   wooden  box  culverts  were  first  constructed,  and  after 

these   had  outlived   their   usefulness   cast  iron   pipes   were   drawn 

through  these  openings.     I  would  like  to  ask  the  President  if  this 

practice  is  still  followed  on  the  lines  of  that  railway. 
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President  Lozveth:  That  is  the  practice  of  the  C.  M.  &  St.  P.  Ry., 
old  timber  box  culverts  are  almost  invariably  replaced  with  cast  iron 
pipe,  which  is  laid  through  the  old  culvert  and  earth  tamped  in  be- 
tween the  two.  I  think  that  is  one  of  the  reasons  why  the  iron  pipe 
culverts  have  been  standing  up  so  well.  In  new  embankments  the 
size  of  cast  iron  pipes  has  been  limited  to  about  36  in. :  larger  sizes 
could  no  doubt  be  safely  used,  but  much  greater  care  in  laying  them 
would  be  necessary,  and,  strange  as  it  may  seem,  this  greater  care, 
even  in  so  simple  an  operation  as  laying  pipes,  is  very  difficult  to  ob- 
tain. Many  partial  and  some  complete  failures,  of  otherwise  well 
designed  and  constructed  works,  are  due  to  a  lack  of  careful  atten- 
tion to  and  manipulation  of  those  details  of  the  work  executed  by 
common  labor.  The  lack  is  not  so  often  in  skill  as  in  obedient  pains- 
taking care,  in  the  most  ordinary  operations. 

Mr.  Baldztin:  Where  you  draw  your  cast  iron  pipe  through  the 
wooden  culverts,  do  you  put  in  a  section  at  a  time  and  then  back  fill  ? 

President  Loweth:  Yes,  the  old  timber  culvert  is  not  removed, 
the  iron  pipe  is  put  in  it  a  section  at  a  time,  and  the  space  between 
the  two  well  packed  with  earth.  This  brings  about  conditions  fav- 
orable for  the  iron  pipes  as  the  embankment  has  already  settled,  and 
as  the  timber  culvert  gradually  rots  away  the  overlying  material 
arches  over  the  pipes  so  that  they  never  get  the  full  load  due  to  the 
depth  of  the  embankment  over  them.  The  same  method  could  be 
used,  and  with  the  same  favorable  result,  with  the  use  of  concrete 
pipes. 

Mr.  Baldwin:  Would  not  a  higher  section  be  more  efficient  for 
the  purpose  of  a  culvert? 

Professor  Talbot:  The  bending  moment  would  be  nearly  the  same 
since  the  horizontal  diameter  is  not  to  be  changed,  and  the  effect  of 
the  horizontal  pressure  is  relatively  less. 

Mr.  Baldridge,  m.w.s.e.  :  In  Fig.  12b,  it  seems  to  me,  a  tendency 
is  shown  for  the  reinforcing  bars  to  pull  out  of  the  concrete  at  the  top 
and  bottom  of  the  pipe.  Does  that  not  indicate  a  necessity  for  im- 
bedding them  more  deeply  into  the  concrete? 

Professor  Talbot:  I  think  that  action  is  due  to  a  vertical  tension, 
so  to  speak.  If  the  rods  were  placed  a  little  further  in,  there  would 
be  no  greater  resistance  to  this  stress,  and  of  course  this  change 
would  weaken  the  resisting  moment  of  the  pipe. 

Mr.  Reichmann:  I  would  ask  Mr.  Cartlidge  if  he  makes  his  rein- 
forced concrete  pipe  with  the  flat  bottom  as  shown  on  the  screen  by 
Prof.  Talbot. 

Mr.  Cartlidge:     No. 

Mr.  Reichmann:  I  would  also  ask  Mr.  Cartlidge  whether  he  has 
ever  tried  any  rectangular  sections  of  pipe? 

Mr.  Cartlidge:  No,  I  have  never  used  a  rectangular  section  of 
pipe. 

Mr.  T.  L.  D.  H'adzven,  m.w.s.e.  :     I  would  ask  Mr.  Cartlidge  what 
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is  the  maximum  diameter  of  the  pipe  he  has  used  so  far,  and  the  usual 
lengths? 

Mr.  Cartlidge:  The  diameter  of  the  largest  pipe  we  have  made 
was  4S  in.  So  far  we  have  had  no  occasion  to  use  any  larger  size, 
although  we  have  contemplated  making  forms  and  building  a  60  in. 
pipe-.     The  length  is  approximately  8  ft.  to  allow  placing  on  cars. 

Mr.  B.  J.  Ashley,  M.W.S.E. :  There  seems  to  be  two  elements  that 
have  not  entered  into  the  discussion  this  evening  as  extensively  as  I 
had  expected, — namely,  the  relation  of  the  thickness  of  the  pipe  to 
;iameter,  and  the  matter  of  mixture.  It  seems  to  me  that  some 
very  interesting  data  could  be  brought  forth  by  experiments  in  thick- 
no-  ;  for  instance,  comparing  the  thickness  of  the  shell  of  pipe  one 
foot  in  diameter  with  that  of  a  pipe  four  feet  in  diameter ;  there  cer- 
tainlv  in  a  relation  there  that  enters  very  materially  into  the  strength 
of  the  pipe.  Then,  one  must  not  lose  sight  of  "mixture,"  which  is 
also  an  element  of  supreme  importance,  and  while  I  am  not  very  much 
interested  in  a  business  way  in  this  class  of  work,  I  seem  to  see  that 
there  might  be  some  tables  or  charts  worked  out  that  would  show 
established  rules  of  practice,  by  which  charts  or  tables,  the  engineer- 
ing fraternity  may  be  guided  when  designing  concrete  conduits  for 
specific  purposes,  and  whereby  the  necessity  of  having  to  continually 
calculate  these  results  would  be  done  away  with. 

Mr.  Cartlidge:  It  is  extremely  important,  in  designing  pipe  to  use 
on  the  road,  to  take  into  account  the  weight  which  must  be  handled, 
and  in  designing  the  48  in.  pipe,  which  is  the  largest  pipe  we  make, 
we  made  it  somewhat  less  than  the  weight  of  the  section  of  48  in. 
cast  iron  pipe,  believing  that  the  latter  was  rather  heavier  and-more 
expensive  to  handle  than  we  wished  to  use.  We  make  our  48  in. 
reinforced  concrete  pipe  about  4  in.  thick.  If  we  were  to  increase  the 
thickness  we  could  undoubtedly  get  a  better  pipe,  but  we  think  the 
48  in.  pipe,  as  we  make  it,  is  strong  enough  for  our  use,  and  we  have 
gotten  it  as  light  as  we  can. 

With  reference  to  the  12  in.  pipe,  I  hardly  think  it  is  best  to  make 
a  reinforced  concrete  pipe  of  a  diameter  less  than  24  in.  to  compare 
in  cost  with  cast  iron  pipe.  It  is  very  likely  that  plain  concrete  pipe 
can  be  made  amply  strong,  with  a  diameter  less  than  2  ft.,  which  will 
cost  less.     We  have  not  tried  it,  however. 

Mr.  R.  H.  Kuss,  m.w.s.e.  (by  letter)  :  Pure  speculation  induces 
the  belief  that  the  shape  which  concrete  culvert  pipe  will  take  ulti- 
mately will  be  elliptical  and  were  it  not  for  the  fact  that  the  casting 
of  iron  in  cylindrical  shapes  other  than  circular  is  attended  with  many 
difficulties  not  encountered  in  circular  castings,  we  might  expect  a 
similar  result  even  with  the  use  of  this  latter  material. 

The  advantages  are  really  two-fold  in  character ;  first,  the  greater 
resistance  to  failure,  on  account  of  stresses  due  to  loading,  peculiar  to 
the  uses  to  which  the  pipe  is  put ;  and  second,  the  greater  ease  in 
bedding  the  pipe  satisfactorily.  The  foregoing  are  primarily  depend- 
ent upon  the  fact  that  when  culvert  pipe  is  placed  in  a  trench,  the 
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greater  load  is  usually  vertical  and  the  pressure  upon  the  sides  of  the 
pipe,  which  assists  the  pipe  in  resisting  this  vertical  load,  is  some- 
what smaller  than  the  vertical  load,  the  difference  between  the  two, 
speaking  in  general  terms,  being  made  up  by  the  resistance  of  the 
material  of  the  pipe  itself. 

Considered  as  an  elliptical  cylinder  and  subject  to  a  concentrated 
load  directed  along  the  major  axis  of  the  ellipse  which  is  held  in 
equilibrium  by  an  equal  and  opposite  force  applied  on  the  opposite 
sides  of  the  ellipse,  the  elliptical  shape  possesses  greater  resisting 
powers  than  a  circular  cylinder,  similarly  treated  of  the  same  area 
of  section  and  of  the  same  thickness  and  kind  of  material.  Anal- 
agous  cases  are  those  of  chain  links  (without  studs)  and  crane 
hooks,  the  difference  being  merely  the  sense  in  which  the  forces  are 
applied.  The  advantages  of  the  elliptical  shape  are  very  marked  in 
the  cases  cited  and  at  least  hold  up  to  the  deductions  arrived  at  mathe- 
matically within  the  elastic  limits  of  the  materials  employed.  When 
the  load  becomes  distributed  uniformly  over  the  surface  of  the  hori- 
zontal section,  the  problem  becomes  more  complicated  in  its  analysis 
though  the  advantages  for  the  elliptical  shape  become  no  less  marked, 
provided  the  directions  of  the  several  forces  remain  parallel  to  the 
major  axis  of  the  ellipse.  It  is  especially  when  there  is  a  combined 
distributed  vertical  load,  together  with  a  horizontal  load  distributed 
over  the  sides  as  approximated  in  the  actual  use  of  culvert  pipe  care- 
fully placed,  that  the  advantages  of  the  elliptical  section  become  ap- 
parent if  the  major  axis  is  maintained  vertical.  In  this  case  the  pre- 
ponderance of  the  vertical  over  the  horizontal  forces  becomes  less 
great  as  the  length  of  the  major  axis  to  that  of  the  minor  axis  be- 
comes greater,  thereby  reducing  the  maximum  bending  moments 
and  causing  the  stress  in  the  material  to  become  more  nearly  uni- 
formly distributed  over  the  section  of  the  material. 

One  of  the  disadvantages  in  the  use  of  circular  pipes  as  compared 
with  elliptical  ones  is  that  it  is  somewhat  more  difficult  to  tamp  the 
filling  of  the  earth  under  the  lower  half  of  the  pipe.  The  elliptical 
shape  does  not  require  as  much  care  in  bringing  about  the  same  con- 
dition of  security  as  does  the  round  one.  Those  who  have  used  cul- 
vert pipe  seem  to  agree  that  it  is  one  of  the  most  difficult  things  to 
obtain  a  uniform  bed  for  the  pipe  to  lie  on.  This  is  not  only  true  in 
the  matter  of  obtaining  solid  earth  work  around  the  lower  half  of  the 
pipe  itself,  but  it  is  altogether  likely  that  each  section  of  pipe  is  not 
supported  uniformly  along  the  bottom.  The  elliptical  shape  is  bet- 
ter adapted  to  carry  a  vertical  load  for  the  same  reasons  that  a  beam 
with  its  larger  dimension  vertical  is  better  adapted  to  support  weight 
loading,  than  a  beam  of  circular  section  containing  the  same  thickness 
of  materials  and  the  same  area  of  section. 

Mr.  L.  Bush,  M.W.S.E.  (by  letter)  :  As  to  my  experience  with  cast 
iron  pipe  for  railroad  culverts.  I  will  say  that  I  do  not  recall  a  case 
where  the  cast  iron  pipe  has  been  broken  under  traffic,  and  in  my 
opinion  there  is  but  very  little  danger  of  breaking  cast  iron  pipe  if  it 
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is  properly  bedded  when  put  in  place.  I  put  in  considerable  pipe  on 
the  Iowa  division  of  the  C.  &  X.  W.  R.  R.  during  the  year  that  I 
was  on  that  Division  and  we  used  care  in  making-  a  trench  for  the 
pipe  and  also  care  in  tamping  good  gravel  or  other  solid  material 
around  the  pipe.  It  is  necessary  and  important  in  placing  cast  iron 
pipe  that  a  sufficient  covering  be  placed  over  it  and  with  this  done 
and  proper  bedding,  I  believe  there  will  be  very  little  breakage.  I 
have  seen  cast  iron  pipe  cracked  in  handling  from  cars  when  pipe 
was  rolled  or  dumped  from  cars  instead  of  using  a  derrick  for  un- 
loading. 

Mr.  A.  0.  Cunningham,  Chf.  Engr.,  Wabash  R.  R.  (by  letter)  : 
Prof.  Talbot's  paper  on  Reinforced  Concrete  and  Cast  Iron  Culvert 
Pipe  is  timely,  interesting  and  valuable,  and  should  prove  beneficial 
in  the  designing  of  reinforced  concrete  pipe.  A  great  many  of  the 
railroads  are  using  concrete  pipe  instead  of  cast  iron  pipe  on  account 
of  the  fact  that  the  former  is  cheaper  than  the  latter.  I  have  thought 
it  might  be  interesting  to  present  some  designs  which  have  been  used 
on  the  Wabash,  and  others  which  it  is  contemplated  to  use.  The 
'Wabash  R.  R.  at  the  present  time  is  using  a  pipe  8  ft.  in  length, 
varying  in  diameter  2  ft.  and  4  ft.  From  the  drawing  attached, 
Fig.  A,  it  will  be  seen  that  this  pipe  consists  of  longitudinal  corrugat- 
ed bars  spaced  about  2  ft.  on  centers,  around  which  is  wrapped  wire 
fencing ;  this  reinforcing  being  surrounded  by  a  ring  of  concrete  4 
inches  in  thickness,  and  being  centrally  located  within  the  concrete 
ring.  The  great  trouble  with  the  manufacture  of  pipes  of  this 
length  has  been  due  to  the  difficulty  of  placing  the  reinforcing  prop- 
erly and  tamping  the  concrete  around  it  in  a  pipe  of  such  great 
length.  The  forms  for  pipe  of  this  length  are  expensive,  and  the 
cost  of  labor  is  high  from  the  fact  that  a  platform  8  ft.  high  has  to 
be  built  on  which  the  men  have  to  stand  in  order  to  fill  the  concrete 
forms  and  tamp  the  concrete  properly.  Also  on  account  of  the 
weight  of  the  forms  and  the  pipes,  derricks  have  to  be  used  in  hand- 
ling. On  account  of  the  difficulty  in  tamping,  imperfections  are 
bound  to  appear  in  certain  portions  of  the  pipe,  which  show  up  some- 
times in  transportation,  and  at  other  times  while  being  unloaded  at 
the  site  for  which  they  are  intended.  In  most  cases,  it  is  the  bell 
that  suffers.  Our  experience  has  been  that  after  the  pipes  are  in 
place  no  trouble  is  found  with  them  due  to  the  superimposed  loads. 
In  order  to  overcome  the  difficulties  previously  -tated  in  manufac- 
turing long  pipes,  the  writer  suggests  that  they  be  made  in  shorter 
lengths,  and  with  the  bell  of  a  different  design. 

Drawings  are  presenter!  showing  2  ft..  3  ft.,  and  4  ft.  diameter 
pipes,  made  in  lengths  of  3  ft.  4  in.,  shown  in  Figs,  P>.  C  and  D. 

Plan  is  also  presented  of  a  form  for  4  ft.  diameter  concrete  pipe, 
the  general  length  of  which  could  be  used  in  making  forms  for 
2  ft.  and  3  ft.  diameter  pipes.  See  Fig.  E.  These  forms  are  of 
such  weight  that  they  can  be  readily  handled  by  two  men.  They 
can  \w  filled  from  the  ground  without  necessitating  the  building  of  a 
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platform  and  the  pipe  can  be  rolled  around  and  handled  without  a 
derrick.  Of  course,  it  would  be  advisable  to  use  a  derrick  in  load- 
ing the  pipe  on  cars.  The  pipe  are  of  such  shape  that  they  can  be 
set  on  end  on  a  car ;  thus  requiring  no  blocking  to  keep  them  in  place, 
which  means  there  will  be  less  liability  of  damage  in  transportation. 

The  advantages  of  these  short  lengths  of  pipe  are : 

ist.  In  their  manufacture,  since  they  can  be  made  a  great  deal 
more  cheaply  than  the  long  pipe. 

2nd.  Less  damage  during  transportation  and  loading  and  un- 
loading. 

3rd.  They  can  be  handled  easier  at  the  site  for  which  they  are 
intended. 

4th.  They  will  bed  themselves  better  under  the  superimposed 
load,  and  settlements  will  be  taken  up  by  the  joints. 

Mr.  E.  W.  Grant,  Asst.  Engr.,  A.  T.  &  S.  F.  Ry.,  Topeka,  Kas. 
(by  letter)  :  Until  within  a  few  years,  nearly  all  of  the  small  open- 
ings required  for  drainage  on  the  important  sections  of  the  railroad 
with  which  I  have  been  connected  for  some  time,  have  been  cast-iron 
pipes.  Vitrified  pipes  were  discarded  many  years  since  except  upon 
one  line  recently  constructed,  where  quite  a  large  number  of  them 
of  small  size  were  used.  However,  several  of  these  were  encased  in 
concrete.  Recently,  small  single  or  double  arches,  or  in  some 
cases,  box  culverts  of  plain  concrete  have  been  built  instead  of  using 
cast-iron  pipes ;  but  so  far,  reinforced  concrete  pipes  have  not  been 
adopted  upon  any  of  the  lines  with  which  I  am  familiar. 
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While  the  apparent  cheapness  of  reinforced  concrete  pipes  as  com- 
pared with  cast-iron  pipes  appeals  to  one,  the  many  difficulties  in  the 
way  of  constructing-  uniformly  good  pipes  of  concrete,  against  the 
known  lasting  qualities  of  cast-iron,  tend  to  neutralize  this  seeming 
advantage. 

For  small  openings  requiring  very  little  concrete,  the  difficulty  in 
ting  the  combination  of  good  material,  proper  proportioning  of  the 
ingredients,  thorough  mixing  of  the  concrete,  and  proper  placing  of 
the  reinforcement — as  compared  with  the  ease  with  which  cast-iron 
pipes  can  be  placed — give  the  latter  great  advantage.  The  personal 
factor  in  making  reinforced  concrete  is  very  large,  while  for  cast- 
iron  pipe  it  is  nothing  except  in  placing,  and  it  is  equally  great  in 
this  respect  for  reinforced  concrete  pipe.  Cast-iron  pipes,  however, 
are  not  altogether  satisfactory,  principally  on  account  of  this  per- 
sonal factor.  Many  of  them  break,  either  from  careless  handling, 
or  by  not  being  properly  bedded  or  covered ;  some  failures  may  occur 
because  the  pipes  are  of  inferior  quality,  or  are  not  of  uniform  thick- 
ness. Some  36-in.  pipes  which  I  recently  measured  were  found  to 
vary  19%  in  thickness  in  the  same  piece,  this  ranging  from  thirteen- 
sixteenths  of  an  inch  to  one  inch. 

While  instructions  have  been  often  given  for  the  placing  and  cov- 
ering of  pipes,  fixed  rules  have  not  been  uniformly  nor  rigidly  fol- 
lowed. However,  pipes  have  usually  been  put  upon  firm  ground 
and  the  beds  were  prepared  so  as  to  conform  to  grades  given  by  the 
engineers,  an  allowance  being  made  for  the  difference  in  the  settle- 
ment of  the  pipes  in  the  center  and  at  the  ends.  It  has  not  been  the 
practice  to  excavate  deeper  in  earth  for  the  bell  ends  than  for  other 
parts  of  the  pipes,  so  that  these  ends  must  be  forced  down  sufficiently 
to  distribute  the  load  along  the  pipes.  Usually  in  refilling,  the 
compacting  of  the  material  at  the  sides  by  teams  is  supplemented  by 
tamping,  and  if  there  is  more  than  one  line  of  pipe  they  are  so  placed 
that  this  also  is  done  between  them.  It  is,  however,  very  difficult  to 
get  such  work  properly  performed,  partly  from  lack  of  constant  su- 
pervision or  because  of  the  inexperience  or  carelessness  of  the  in- 
spectors or  the  indifference  of  the  workmen.  As  a  consequence 
many  pipes  have  broken  down,  or  at  least  cracked  along  the  sides 
when  by  care  in  bedding  this  could  have  been  prevented.  Instruc- 
tions have  recently  been  given  to  insert  vertical  posts  temporarily  at  all 
joints  and  also  midway  between  them  in  all  pieces  twelve  feet  long. 
These  are  to  be  allowed  to  remain  until  the  new  embankments  have 
completely  settled.  In  the  case  of  some  large  pipes  (48  in.)  which 
have  failed  under  high  embankments,  cross-breaks  as  weH  as  longi- 
tudinal cracks  along  the  sides  have  occurred  and  pieces  of  the  pipes 
have  fallen  down.  In  one  such  instance  two  lines  of  48-in.  pipe  were 
under  an  embankment  53  ft.  high ;  at  another  point  four  lines  of  48 
in.  pipe  were  under  a  62  ft.  embankment;  and  at  another  place  two 
such  pipe;  were  partially  crushed  under  a  51  ft.  embankment.  Other 
instances  of  failures  might  be  mentioned.     In  all  of  these  cases,  the 
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material  placed  around  the  pipes  was  of  a  clayey  character.  The  in- 
sertion of  temporary  posts  in  these  pipes  might  have  prevented  the 
failures,  or  the  bell  ends  may  have  helped  to  produce  them.  It  is 
evident  that  there  would  be  great  economy  in  dispensing  with  bell 
ends  as,  from  my  observation,  they  amount  to  about  10%  of  the  to- 
tal weight  of  12  ft.  lengths.  I  think  wooden  saddles  made  from  old 
bridge  stringers  or  other  suitable  second-hand  timbers  could  be  used 
to  keep  the  pipes  in  place  until  the  earth  settled  firmly  around  them. 
Strips  of  sheet-iron  could  be  placed  over  the  joints  to  prevent  the 
earth  falling  in.  At  any  rate,  it  should  not  be  difficult  to  keep  the 
pipes  in  position  without  bell  ends.  The  entrance  of  small  quanti- 
ties of  material  through  the  joints  or  the  slight  flow  of  water  through 
them  and  along  the  outside  of  the  pipes  could  do  but  little  harm 
especially  with  the  usual  head  wall  to  prevent  large,  outside  chan- 
nels. The  choice  of  openings,  that  is,  whether  they  should  be  of  iron, 
reinforced  concrete  or  plain  concrete,  will  depend  upon  the  existing 
organization  and  equipment  for  doing  the  required  work. 

Mr.  fob  Tuthill,  Bridge  Engineer,  Pere  Marquette  R.  R.  (by  let- 
ter) :  In  addition  to  the  valuable  information  given  by  the  tests,  Prof. 
Talbot  has  developed  formulas  applicable  to  the  designing  of  rein- 
forced concrete  pipes,  which  promise  to  become  an  economical  and  a 
desirable  substitute  for  the  larger  sizes  of  cast-iron  pipes  and  more 
expensive  forms  of  concrete  or  masonry  construction  for  small  cul- 
verts and  waterways  for  railroad  use.  The  tests  show  the  critical 
load  for  reinforced  concrete  to  be  four-tenths  of  the  load  causing  the 
first  crack  in  cast-iron,  indicating  that  the  former  can  be  considered 
as  having  at  least  four-tenths  the  strength  of  cast-iron  pipe,  which 
would  seem  ample  for  most  railroad  culverts  where  pipe  is  suitable. 
Similar  tests  of  vitrified  pipes  would  also  be  of  value  for  comparison. 

An  experience  extending  over  a  number  of  years  in  the  use  of 
vitrified  clay  pipe  from  12  in.  to  36  in.  diameter,  for  culverts  under 
railroad  embankments,  has  shown  that  out  of  five  hundred  of  ordi- 
nary sewer  pipe,  one  in  every  six  has  failed.  The  double  strength 
vitrified  pipe,  made  especially  for  culvert  use,  has  shown  much  better 
results, — in  seven  hundred  and  thirty  of  these  the  proportion  of 
failures  has  been  one  in  thirty.  The  life  of  these  pipe  has  been  from 
two  to  twenty  or  more  years, — some  of  the  oldest  being  still  in  per- 
fect condition.  These  failures  have  not  seemed  to  follow  any  gen- 
eral rule,  but  have  occurred  under  embankments  of  all  heights  from 
three  feet  to  twenty, — the  larger  proportion  under  the  lighter  em- 
bankments. More  have  failed  that  are  dry  or  nearly  so  for  the 
greater  part  of  the  year,  especially  during  the  winter,  than  those  that 
are  continually  full  or  nearly  so  of  water,— due  possibly  to  the 
earth  freezing  above  and  below  them.  A  larger  proportion  of  fail- 
ures have  occurred  where  the  pipes  were  placed  when  the  embank- 
ments were  constructed  than  where  pipes  were  put  under  old  embank- 
ments to  replace  timber  culverts.  These  last,  however,  seem  to  show 
an  increasing  proportion  of  failures  during  the  past  three  or   four 
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vears,  indicating  that  some  protection  was  perhaps  afforded  for  a 
time  by  the  old"  timber,  or  that  these  embankments  are  still  settling 
and  compacting  under  the  heavier  rolling  stock  of  later  years. 

The  only  failures  of  cast-iron  pipe  that  have  come  under  the  writ- 
er's observation  have  been  one  of  six  feet  and  one  of  five  feet  diam- 
eter under  new  embankments  made  by  filling  trestles  and  occurred 
n  after  the  fills  were  made.  These  fills  were  forty-five  or  fifty 
feet  high,  made  by  dumping  from  small  cars  from  each  side  of  the 
trestle  for  half  of  their  height  and  from  the  top  of  the  rest.  The 
failure  was  by  shearing  in  a  plane  nearlv  through  the  horizontal  diam- 
eters.    Especial  care  was  taken  to  bed  these  properly. 

The  tests  also  emphasize  the  importance  of  carefully  bedding  the 
pipe  and  thoroughly  tamping  the  filling  around  it.  To  the  lack  of 
care  in  this  particular  can  be  attributed  a  large  proportion  of  the 
failures  of  sewer  and  culvert  pipe. 

Mr.  Chas.  S.  Churchill,  Chf.  Engr.  N.  &  W.  Ry.  (by  letter)  :  We 
use,  to  a  certain  extent,  cast-iron  pipe  for  culverts.  Owing,  however, 
to  variations  in  weight  of  cast-iron  pipe  in  comparison  with  shipping 
bills,  we  have  recently  found  it  advisable  to  purchase  all  pipes  under 
ecification.  and  a  specification  is  now  in  print  for  our  use  here- 
after. I  should  add  that  we  have  not  had  any  trouble  with  the 
breakage  of  cast-iron  culverts  in  our  roadbed. 

SPECIFICATIONS  FOR  CAST  IRON  PIPE 

STANDARD    THICKNESSES    AND    WEIGHTS    OF    CAST    IRON    PIPE 


100-foot  Head  -13  Pounds  Pressure 

Nominal  Inside 

Thickness 

Weight  Per 

Iliam    inches 

inch. 

Foot 

Lengt 

4 

.42 

20.0 

240 

6 

•  44 

30.8 

3/0 

8 

•  45 

42.9 

515 

10 

•50 

57-i 

685 

12 

•54 

72.5 

87O 

14 

•  57 

89.6 

1.075 

16 

.60 

108.3 

1,300 

18 

.64 

129.2 

1,550 

20 

.67 

150.0 

1,800 

24 

.76 

204.2 

2,450 

30 

.88 

291.7 

3,500 

36 

•99 

391-7 

4700 

42 

1. 10 

512.5 

6,150 

48 

1.26 

866.7 

8,000 

54 

1. 35 

800.0 

9,600 

60 

1-39 

916.7 

11,000 

The  above  weights  are  for  12  feet  laying  lengths  and  standard  sockets; 
proportionate  allowance  to  be  made  for  any  variation  therefrom. 

No  pipe  shall  be  accepted  the  weight  of  which  shall  be  less  than  the 
standard  weight  by  more  than  five  per  cent,  for  pipes  16  inches  or  less  in 
diameter,  and  four  per  cent,  for  pipes  more  than  16  inches  in  diameter,  and 
no  excess  above  the  standard  weight  of  more  than  these  given  percentages  for 
the  several  sizes  shall  be  paid  for.  The  total  weight  to  be  paid  for  on  each 
requisition  shall  not  exceed  for  each  size  and  class  of  pipe  received  the  sum 
of  the  standard  weights  of  the  same  number  of  pieces  of  the  given  size  and 
class  by  more  than  two  per  cent. 
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CULVERT  PIPE. 

Culvert  pipe  shall  consist  of  such  second  quality  pipes,  not  cracked,  as  would 
be  subject  to  rejection  under  the  two  aforementioned  specifications.  The 
weight  per  length  desired  is  not  less  than  class  "A"  of  list  given  above,  and 
in  no  case  shall  the  cost  per  length  at  reduced  price  exceed  the  cost  of  Class 
"A"   pipe  when   perfect,  at  full  price. 

They  shall  be  able  to  withstand  pressure  from  the  outside,  though  not 
necessarily  from  the  inside.  They  may  be  cut  to  remove  cracked  parts  to 
any  length  not  less  than  six  feet,  but  must  have  hub  on  one  end.  They 
must  not  have  imperfections  of  such  a  nature  that  the  spigots  will  not  enter 
the  hubs,  but  no  space  for  lead  is  herein  specified  as  to  its  thickness,  nor  in 
any  special  design  of  spigot  or  hub.  No  less  thickness  than  that  specified 
for  Class  "A"  pipe  shall  extend  for  a  width  or  length  of  more  than  12  inches, 
or  more  than  half  way  round  the  pipe,  and  the  thickness  at  such  defects 
shall  not  be  less  than  70  per  cent,  of  that  prescribed  in  Class  "A"  pipe  of 
same  diameter.  Culvert  pipe  shall  be  coated  as  specified  for  pressure  pipe  in 
the  two  beforementioned  specifications;  they  shall  be  subject  to  inspection 
under  the  specifications  here  written,  and  to  legalized  weighing. 
Office  of  Chief  Engineer,  Roanoke,  Va. 
March,  1908. 

CLOSURE. 

Prof.  Talbot:  The  relation  of  the  thickness  to  the  diameter  of  the 
pipe  has  been  brought  up.  If  we  consider  the  total  load  to  be  pro- 
portional to  the  diameter  of  the  culvert,  it  will  be  found  that  the 
bending  moment  developed  in  the  pipe  is  proportional  to  the  square 
of  the  diameter;  and  since  for  a  cast-iron  pipe  (neglecting  the  ele- 
ment of  thickness  usually  added  to  provide  against  the  eccentricity 
of  core  in  the  casting)  the  resisting  moment  is  proportional  to  the 
square  of  the  thickness,  it  follows  that  for  common  unit  loads  the 
thickness  of  the  pipe  would  need  to  be  directly  proportional  to  the 
diameter.  This  is  quite  in  keeping  with  usual  practice.  Similarly, 
in  reinforced  concrete  pipe,  if  the  amount  of  reinforcement  is  kept 
a  constant  percentage  of  the  area  of  effective  cross  section,  the  thick- 
ness of  the  pipe,  or  better  the  distance  from  the  center  of  the  steel 
to  the  face  of  the  concrete,  may  properly  be  made  proportional  to 
the  diameter. 

The  writer  is  pleased  to  see  the  general  appreciation  of  the  value 
of  carefully  bedding  culvert  pipe  in  place  and  of  filling  and  tamping 
over  the  pipe.  Whether  the  bell  may  be  well  dispensed  with  is  a 
question  worthy  of  consideration.  What  the  actual  load  which 
comes  upon  a  culvert  pipe  in  an  embankment  amounts  to,  is  a  very 
uncertain  question.  Evidently  as  the  embankment  becomes  older 
the  pressure  on  the  pipe  may  decrease.  The  further  collection  of 
data  of  failures  under  known  conditions  will  add  to  our  knowledge, 
and  it  is  possible  that  further  experiments  may  be  of  service. 

ADDENDUM. 

The  practice  of  the  Illinois  Central  R.  R.  Co.  in  the  matter  of  Cast  Iron 
Pipe  Culverts  is  shown  in  the  following  "Specifications  for  Placing  Cast 
Iron  Pipe."  The  illustration  makes  the  matter  clear,  and  the  Chief  Engineer, 
Mr.  A.  S.  Baldwin,  m.w.s.e.,  writes  that  they  find  these  instructions  "to  be 
of  material   assistance." 
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SPECIFICATIONS   FOR   PLACING    CAST    IRON    PIPE. 

Cast-Iron  Pipe  shall  be  placed  at  such  points  as  the  Engineer  di- 
rects. It  shall  be  placed  true  to  line  and  at  right  angles  to  the  cen- 
ter of  the  track  where  practicable,  with  the  bell  ends  up  stream,  and 
shall  have  such  uniform  grade  in  the  direction  of  the  flow  as  shall  be 
determined  by  the  physical  conditions  at  the  point  where  laid  and  as 
approved  by  the  Engineer.  Xo  portion  of  any  pipe  drain  and  no  joint 
of  pipe  in  any  drain  shall  be  blocked  or  shimmed  or  held  in  position 
by  filling  under  it  or  by  any  other  artificial  means.  A  bed  of  uniform 
grade  shall  be  prepared  to  receive  the  pipe  by  excavating  or  cutting 
off  the  uneven  places  in  the  earth  or  other  material  where  the  pipe  is 
to  be  laid,  and  recesses  must  be  cut  to  receive  the  bell  ends  so  that 
each  joint  of  the  pipe  shall  have  a  firm  bearing  throughout  its  entire 
length  upon  the  solid  earth. 

In  case  rock  is  found  where  it  is  necessary  to  lay  pipe,  the  bed 
shall  be  prepared  for  the  receipt  of  the  pipe  as  described  herein 
above,  except  that  the  excavation  shall  be  carried  uniformly  three  to 
six  inches  lower  than  the  grade  of  the  pipe  and  backed,  filled  and 
tamped  with  spalls  to  form  an  even  bearing  and  cushion  for  the  pipe. 

Each  joint  of  pipe  shall  be  fitted  into  the  next  adjacent  pipe  care- 
fully and  so  that  the  spigot  end  of  each  pipe  shall  be  inserted  in  the 
bell  end  of  the  pipe  adjacent  as  far  as  it  will  go. 

After  the  pipes  are  in  place  the  trenches  prepared  to  receive  them 
shall  be  backfilled  and  tamped  to  be  level  with  the  original  surface  of 
the  ground. 

Where  pipes  are  laid  under  rock  fills  ten  feet  or  more  in  height, 
built  by  dumping  rocks  from  a  trestle,  the  pipes  shall  be  covered  to 
a  depth  of  three  feet  with  earth  or  other  suitable  material,  carefully 
placed  before  dumping  against  them  will  be  permitted. 

Where  practicable  the  pipe  drains  shall  not  be  placed  at  the  lowest 
point  of  the  drainage.  They  shall  be  so  placed  that  the  upstream 
end  will  provide  suitable  drainage  to  the  property  adjoining  the  right 
of  way  and  secure  a  fall  of  one-tenth  of  one  foot  in  twenty  feet  from 
the  right  of  way  line  to  the  inlet  end  of  the  pipe. 

Provision  must  be  made  for  ample  inlets  and  ample  outlets  to  pipe 
drains  within  the  limits  of  the  Railroad  Company's  property. 

Special  care  must  be  exercised  in  unloading  and  handling  cast-iron 
pipe.  Any  cast-iron  pipe  broken  in  unloading,  hauling  or  placing 
through  the  negligence  of  the  Contractor  or  his  employees  shall  be 
paid  for  by  the  Contractor. 


ALTERNATORS  IN  PARALLEL 

By  [Morgan  Brooks,  m.w.S.e. 

Presented  March  n,  1908. 

The  successful  operation  of  alternators  in  parallel  depends  upon  a 
combination  of  favoring  circumstances  more  or  less  under  control. 
A  consideration  of  the  influence  and  relative  importance  of  some  of 
these  circumi-tances  is  the  object  of  this  paper.  Synchronous  motors 
or  converters  operated  by  generators  from  a  distance  are  in  fact  in 
parallel  with  these  generators,  and  conditions  of  such  motor  opera- 
tion will  be  included. 

When  two  similar  shunt-wound  direct  current  machines  are  run- 
ning in  parallel,  and  the  driving  power  of  one  machine  fails,  that 
machine  tends  to  slow  down  as  would  be  expected.  As  soon,  how- 
ever, as  its  induced  electro-motive  force  is  thereby  decreased  enough 
to  permit  current  to  flow  back  through  it  from  the  other  generator  it 
becomes  a  motor,  and  continues  to  run  without  much  apparent 
change.  In  a  somewhat  similar  way  in  the  case  of  two  alternators 
in  parallel,  if  the  driving  power  of  one  machine  fails  it  tends  to  slow 
down,  but  as  soon  as  its  vector  position  with  reference  to  the  genera- 
tor falls  behind  a  mere  fraction  of  a  cycle,  current  can  flow  backward 
making  it  a  motor  even  without  any  reduction  whatever  of  its  in- 
duced electro-motive  force.  It  then  continues  to  run  as  a  motor  and 
at  synchronous  speed.  The  tendency  to  slow  down  in  this  case  re- 
sults immediately  in  a  lagging  position,  but  the  machine  is  held  in 
step,  dragged  along  by  the  current  it  receives.  The  actual  change  in 
vector  position  is  often  very  slight,  a  matter  say  of  2  degrees  elec- 
trical, that  is,  only  V2  deg.  actual  in  an  8-pole  machine.  The  change 
_ht  it  is  hard  to  realize  that  such  change  marks  the  difference 
between  generator  and  motor  action  of  the  same  machine. 

For  the  interpretation  of  these  facts,  as  well  as  the  presentation  of 
oiher  interesting  features,  the  chart  shown  in  Fig.  12  has  been  pre- 
pared. This  chart  is  derived  as  follows:  Fig.  1  represents  two 
direct  current  machines,  A  and  B,  the  vectors  representing  induced 
electromotive  forces.  If  A  is  generator  and  B  is  motor,  current  will 
flow  with  vector  A  and  against  vector  B  in  the  closed  circuit  shown. 
Fig  3  -hows  two  alternating  current  machines,  A  and  B,  not  con- 
nected in  circuit.  The  vectors  may  have  any  possible  relation,  as 
shown  more  clearly  in  Fig.  2,  which  represents  the  relative  positions 
of  any  two  alternators,  A  and  B  not  connected  together. 

Both  vectors  are  assumed  to  rotate  counter-clockwise  at  approxi- 
mately synchronous  speed,  vector  B  gaining  for  losing)  with  respect 
to  A.  If  we  can  only  catch  a  glimpse  of  the  vectors  at  the  moment 
when  A  is  in  the  vertical  position  shown,  we  then  have  just  the  con- 
dition shown  by  the  synchroscope  with  its  revolving  hand,  and  the 
form  of  diagram  is  iustified  bv  the  appearance  of  the  synchroscope. 
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Indeed  if  we  represent  the  vectors  in  opposition  as  shown  in  some 
text  books  how  can  three  or  four  machines  in  parallel  be  represented? 
If  now  we  assume  that  a  paralleling  switch  is  closed  when  the  vec- 
tors are  nearly  in  phase  as  represented  in  Fig.  4  the  vector-difference 

voltage,  All  properly  E,  the  e.  m.  f.  of  the  local  circuit,  acts  to  drive 
current  through  the  impedance  of  the  local  circuit.  Whether  this 
vector-difference  E,  should  be  indicated  with  its  direction  toward  B 
or  toward  A  depends  on  the  point  of  view.  With  regard  to  A.  its 
positive  direction  is  BA ;  while  with  reference  to  B,  its  positive 
direction  is  AB.  Fig.  4,  shows  arrows  at  both  ends  to  indi- 
cate this.  Xow  BA  drives  a  current  shown  at  Ia  lagging  by  a  defi- 
nite angle  G  dependent  on  the  impedance  of  the  local  circuit.  Cosine 
e  is  the  proper  power  factor  of  the  local  circuit  of  the  two  ma- 
chines. This  current  is  nearly  in  phase  with  OA,  the  e.  m.  f.  of  ma- 
chine A.  This  indicates  generator  action,  and  there  is  a  load  upon 
machine  A  due  to  this  circulating  current.  Viewed  from  the  ma- 
chine B,  the  active  e.  m.  f.  AB  furnishes  the  same  current,  repre- 
sented this  time  as  Ib  lagging  e  deg.  behind  AB.  which  current  is 
nearly  in  opposition  to  vector  OB,  showing  that  machine  B  is  mo- 
mentarily a  motor,  whose  speed  will  be  accelerated.  That  is,  the 
generator  action  on  A  and  the  motor  action  on  B  both  conspire  to 
bring  the  machines  together  in  vector  position.  In  passing  through 
identical  phase  position  at  equal  excitation  the  action  passes  through 
zero,  meaning  that  no  synchronizing  action  holds  the  machines  to- 
gether, but  that  such  action  operates  as  soon  as  the  machines  sepa- 
rate to  prevent  their  falling  apart.  It  is  a  sort  of  elastic  coupling 
whose  force  increases  with  angu'ar  separation.  The  force  action  be- 
comes enormous  at  small  vector  angles,  and  synchronous  machines 
cannot  be  pulled  out  of  step  without  very  great  strain. 

It  will  be  notxed  that  since  the  current  vector  always  lags  bv  angle 
0  deg.  behind  the  resultant  e.  m.  f.  E.  The  terminal  B,  of  machine 
vector  OB  must  lie  along  a  line  AC  Fig  6,  making  angle  e  with  AO 
to  produce  a  circulating  current  in  phase  with  OA.  In  synchronous 
motor  operation,  proper  excitation  to  produce  this  result  is  known  as 
"normal"  excitation,  and  gives  what  is  known  as  unity  power  factor. 
Any  greater  excitation  will  produce  a  current  which  leads  vector  OA, 
Fig.  5,  any  less  excitation  a  current  which  lags  behind  OA.  Fig.  7. 
V\  hen  the  current  leads  or  lags,  the  power  factor  is  properly  denoted 
as  Cos.  a,  and  should  not  be  confused  with  Cos.  e  the  legitimate  power 
factor  of  the  local  circuit,  which  tells  the  current  relation  to  resultant 
e.  m.  f.  E.  the  vector-difference  between  <  >A  and  OB.  The  difficulty 
in  recognizing  this  Cos.  e  power  factor  lies  in  the  fact  that  AB  has 
no  visible  existence  immediately  the  switch  is  closed  between  the 
machines  in  parallel  operation,  and  as  between  generator  and  its 
motor  in  a  distant  station,  the  e.  m.  f.  is  difficult  to  measure.  Nev- 
ertheless a  vector  difference  may  exi>t.  even  if  not  accompanied  by 
a  voltage  difference  that  can  be  mea^red.  That  this  vector  differ- 
ence is  a  fact  is  evident  from  a  consideration  of  the  oscillating  v< 
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positions  due  to  hunting,  causing  surges  of  current  to  flow  forward 
and  back  between  the  machines,  rapidly  changing  their  function 
from  generator  to  motor  and  back  again.  The  diagram,  Fig.  4,  is 
thus  a  representation  of  the  relation  between  voltages  as  would  exist 
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at  the  moment  of  switch  closing,  or  of  switch  opening  if  that  were 
done. 

From  the  power  equations  of  the  machines  A  and  B — OA  x  I  x 
Cos  a  and  OB  x  I  x  Cos  b  (where  angles  a  and  b  indicate  the  rela- 
tion of  current  to  vectors  OA  and  OB)  the  chart,  Fig.  12  has  been 
drawn  by  a  method  explained  in  detail  in  a  paper  "Interaction  of 
Synchronous  Machines"  proceedings  A.  I.  E.  E.  June  25,  1907.    The 
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heavy  circle  OAY  is  the  locus  of  B  of  vector  OB  where  there  is  no 
transfer  of  power  to  machine  B.  For  any  postion  of  B  in  this  circle 
a  current  lagging  e  deg.  behind  AB  will  necessarily  be  at  90  deg. 
from  OB,  and  hence  cos  b  will  equal  O.  The  current  sent  out  by 
the  generator  A  is  all  consumed  in  PR  losses.  For  positions  of  B 
within  the  circle,  such  as  B,  power  is  received  by  machine  B  in  pro- 
portion to  its  distances  from  the  circumference,  the  maximum  power 
occurring  when  the  vector  falls  at  C  the  center  at  an  efficiency  of 
50%.  Positions  within  the  upper  part  of  the  circle  above  diameter 
OCV  are  stable  running  positions,  below  that  diameter  unstable,  since 
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lure  the  slightest  increase  in  load  tending  to  make  the  machine  B  fall 
behind  drives  it  into  a  position  of  less  power  intake. 

Positions  of  vector  OB  without  the  reference  circle  show  a  reversed 
function  of  B,  which  then  becomes  a  generator  with  respect  to  A  as 
motor,  although  there  is  the  restricted  space  lying  between  the  refer- 
ence circle  and  its  tangent  at  A,  where  both  machines  are  generators, 
machine  A  not  changing  from  generator  to  motor  until  B  takes  a 
position  to  the  left  of  the  tangent  through  point  A.  Where  it  is  de- 
sired to  consider  two  or  more  machines  as  motors,  points  within  the 
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circle  are  required  for  vectors,  vector  uA  representing  the  single 
generator  or  the  combined  result  of  all  generators.  Where  it  is  de- 
sired to  consider  two  or  more  generators  in  parallel,  points  without 
the  reference  circle  show  such  generators,  where  OA  represents  the 
entire  load. 

The  eircle  within  and  without  the  reference  circle  marked  "full- 
load''  is  estimrted,  and  is  to  be  taken  as  illustrative  rather  than  as 
absolute.  The  angle  H  taken  at  74  deg.  in  Fig.  12,  is  intended  to  il- 
lustrate normal  condition  of  parallel  operation  proper.  This  angle  is 
often  given  as  90  deg.  in  popular  texts,  but  cannot  greatly  exceed 
75  deg.  in  actual  practice  and  comes  down  to  60  deg.  probably  on 
ordinary  tTri"*mission  lines. 
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The  chart  is  calculated  for  assumed  values  of  resistance  and  re- 
actance as  follows : 

R,  resistance  of  alternator  or  motor,=o./  ohms 

X,  reactance  of  alternator  or  motor,=2.4  ohm> 

Z,  impedance  of  alternate-  or  motor,— 2.5  ohms 
When  power  transmission  is  considered,  the  constants  r  and  x  of 
the  circuit  are  included.  R  and  X  are  not  precise  constants,  but  are 
assumed  at  such  values  as  give  reasonably  simple  calculations.  Since 
the  lag  angle  of  the  current.  I,  behind  the  resultant  electro-motive 
force,  E.  is  determined  by  these  constants,  we  find  that  tan 
G  X-^-R— 3.43  showing  e  =74  deg. 

Similar  charts  could  be  readily  made  for  any  given  conditions, 
either  measured  or  assumed.  The  results  do  not  include  all  the  con- 
ditions of  the  problem,  which  is  exceedingly  complex,  and  yet  the\ 
will  serve  to  indicate  what  may  be  expected  under  operating  condi- 
tions with  some  certainty. 

Vector  A  is  taken  as  fixed,  meaning  that  the  terminal  voltage  of 
this  machine  is  constant  at  1,000  volts.  Vector  B  is  however  viewed 
as  the  induced  voltage  of  that  machine.  Any  variation  of  voltage  ;- 
considered  as  existing  entirely  in  the  B  vectors.  Positions  of  B 
within  the  reference  circle  are  motor  positions,  and  loci  for  definite 
loads  are  circles  concentric  with  the  reference  circle,  whose  circum- 
ference is  the  locus  for  zero  power  delivered.  The  locus  marked  full- 
load  is  basd  on  100  amperes  of  current  at  maximum  efficiency ;  with 
over  or  under-excitation  of  the  motor  full-load  will  require  more  than 
100  amperes.  With  transmission  line  included,  full-load  again  means 
100  amperes  of  current  at  maximum  efficiency  for  this  case,  which  is 
necessarily  less  than  under  local  circuit  conditions. 

The  use  of  the  diagram  lies  in  observing  what  change  as  to  power 
intake  of  one  machine  or  of  the  other  is  caused  by  a  given  change  of 
excitation,  of  vector  position  or  of  load. 

Fig.  8  shows  constant  power  of  motor  B  under  varying  excita- 
tion, shown  by  different  lengths  OB,  OB',  OB". 

Fig.  9  shows  constant  power  drawn  from  generator  A,  although 
excitation  and  power  of  B  vary. 

Fig.  10  is  the  reverse  of  Fig.  8,  and  shows  constant  generator 
act'on  of  machine  B  under  varying  excitation. 

Fig.  11.  the  reverse  of  Fig.  o.  shows  constant  power  of  A  now  a 
motor,  derived  from  B,  a  generator,  whose  output  and  excitation 
vary. 

The  circles,  Fig.  12,  marked  60  per  cent,  70  per  cent,  80  per  cent, 
90  per  cent,  efficiency  are  interesting,  loci  of  B.  showing  that  in  gen- 
eral a  motor  may  give  out  the  same  power  at  the  same  efficiency  but 
at  different  excitations.  When,  however,  the  excitation  for  a  given 
load  is  "normal.''  as  previously  defined,  the  efficiency  is  a  maximum 
for  that  load.  It  is  observed  that  the  use  of  a  converter  "over-ex- 
cited" to  balance  other  inductive  load  is  necessarily  at  a  lower  effi- 
ciency, and  since  the  power  and  efficiency  loci  separate  at  a  rapidly 
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increasing  rate  with  departure  from  the  line  AC  of  normal  excita- 
tion, and  great  departure  from  that  line  is  at  considerable  loss  of 
efficiency.  Taking  all  conditions  into  consideration  it  is  probably  best 
not  to  attempt  to  raise  the  power  factor  to  complete  unity  where 
induction  motors  are  used  on  same  transmission  line.  The  highest 
combined  efficiency  will  generally  be  obtained  by  raising  the  power 
factor  to  perhaps  95%,  retaining  a  fairly  good  efficiency  for  the 
synchronous  motor  not  too  much  over-excited. 

In  order  to  operate  alternators  in  parallel,  it  is  first  necessary  to 
synchronize  the  machines.  This  process,  once  difficult,  has  been 
rendered  quite  simple  by  the  use  of  the  synchroscope  with  its  clear 
indication  of  vector  relations,  showing  the  attendant  the  proper 
moment  for  switch  closing. 

As  in  direct  current  parallel  operation,  approximately  equal  termi- 
nal voltage  must  be  secured,  but  now  the  problem  includes  the  much 
more  critical  conditions  of  approximate  speed  equality,  of  same  phase 
rotation,  and  of  sensibly  identical  vector  position,  before  the  parallel- 
ing switch  can  be  safely  thrown.  It  is  even  possible  by  a  device 
now  on  the  market  to  have  the  switches  closed  automatically  when 
vector  relations  are  correct,  relieving  the  attendant  of  the  strain  of 
his  work.  This  might  be  likened  to  the  actual  dropping  of  a  time 
ball  at  high  noon  automatically,  although  the  preliminary  arrange- 
ments are  manually  made  in  advance.  The  condition  of  vector. or 
phase  equality  must  be  closely  realized,  but  this  can  be  done  after 
experience  even  with  a  relatively  large  speed  difference  by  causing 
the  switch  to  close  as  the  indicator  passes  across  the  zero  mark,  just 
as  a  bull's-eye  can  best  be  secured  with  the  gun  sight  passing  across 
the  target.  Also,  as  in  shooting,  the  time  lag  of  the  switch  or  gun 
mechanism  requires  experienced  allowance.  There  is  no  great  diffi- 
culty in  making  a  good  record  under  normal  operating  conditions, 
but  in  an  emergency  when  quickness  of  action  is  most  necessary,  un- 
due haste  may  cause  an  imperfect  switch  closing,  or  possibly  as  in 
railway  sub-stations  an  irregular  load  may  make  the  conditions  as 
indicated  by  the  synchroscope  so  erratic  as  to  confuse  the  operator. 

A  method  of  self-synchronizing  has  been  devised  in  which  the 
reactions  commonly  the  result  of  imperfect  switching  are  so  re- 
duced as  to  permit  the  switch  to  be  closed  at  any  time  regardless  of 
phase  relation  of  the  incoming  machine.  Purposely  bad  synchroniz- 
ing produces  a  mere  flicker  of  the  lighting  load,  and  ordinary  syn- 
chronizing is  absolutely  devoid  of  disturbance  of  any  kind.  The 
scheme  is  merely  the  temporary  insertion  between  machines  (using 
but  one  phase  in  two  or  three  phase  machines)  of  an  inductive  coil 
without  an  iron  core.  The  action  of  this  coil  limits  greatly  the  possi- 
ble current  rush  on  imperfect  switch  closing  without  limiting  to  the 
same  degree  the  synchronizing  power  of  the  machines  to  pull  into 
step,  necessary  to  complete  the  process. 

It  is  known  that  in  transformers  the  initial  primary  current  on 
switch  closing  may  be  abnormal,  especially  in  case  of  unfavorable 
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residual  magnetism.  When  two  alternators  are  connected  together 
while  differing  in  phase  the  magnetism  of  the  two  machines  cannot 
be  precisely  in  the  relation  required  for  least  cross-current,  and  an 
abnormal  rush  of  current  may  result.  In  case  of  opposition  of 
phase  (180  deg.)  the  case  is  equal  to  a  sudden  short-circuit  result- 
ing in  a  current  rush  of  perhaps  twenty  times  full-load  current,  al- 
though a  gradual  but  complete  short-circuit  may  not  develop  more 
than  three  times  full-load  current.  This  current  rush  or  surge  is 
sufficiently  reduced  by  a  rather  small  coil  of  wire,  whose  reactance 
does  not  depend  upon  iron,  and  which,  like  resistance,  seems  in- 
stantly ready  for  duty.  A  coil  costing  about  one  per  cent  as  much 
as  the  machine  served  is  often  found  sufficient  for  the  purpose.  The 
small  size  of  the  coil  required  for  self-synchronizing  has  been  a  sur- 
prise. With  such  coil  it  has  been  found  possible  to  close  the  switch 
connecting  the  bus-bars  and  a  machine  to  be  synchronized  before  it 
is  even  started,  when  it  will  easily  fall  into  step  upon  attaining  proper 
speed.  This  is  not  to  be  recommended,  as  it  will  cause  an  undesirable 
reaction  upon  the  existing  load,  unless  an  unduly  large  coil  be  pro- 
vided. 

Experiments  have  shown  that  best  results  are  obtained  in  synchro- 
nizing an  incoming  generator  when  it  is  running  a  trifle  "fast,"  as 
switching  in  puts  a  load  upon  it.  slowing  it  down.  Similarly  an  in- 
coming converter  should  be  running  "slow,"  as  the  current  Rowing 
into  the  motor  will  normally  produce  motor  action  tending  momen- 
tarily to  increase  speed.  Attention  to  this  difference  will  often  pre- 
vent an  oscillation  of  machines. 

By  introducing  a  large  condenser  between  two  machines  to  be 
synchronized  it  has  been  found  possible  to  hold  them  at  opposition  of 
phase,  proving  that  inductance  is  necessary  in  the  impedance  used 
for  self-synchronizing.  Resistance  alone  is  neutral,  merely  tending  to 
limit  the  current  rush.  Too  much  inductance  limits  the  necessary  cir- 
culating current  too  much.  The  required  coil  is  small,  but  50  lbs.  of 
copper  in  a  coil  without  core  serving  to  permit  a  75  kw.  2-phase  60- 
cycle  alternator  to  be  synchronized  without  reference  to  phase  posi- 
tion. 

The  use  of  the  self-synchronizing  method  will  not  permit  alterna- 
tors improperly  driven  to  operate  successfully  together.  The  stringent 
requirements  of  the  synchronous  machines  for  uniform  driving  torque 
has  served  to  greatly  improve  the  regulation  of  all  prime  movers, 
although  the  problem  of  engine  governing  is  not  yet  fully  solved. 
When  it  is  realized  that  two  engines  driving  alternators  in  parallel 
must  not  vary  so  much  as  one  mechanical  degree  in  position  from 
uniform  rotation,  due  to  cyclic  variation,  and  must  change  speed 
simultaneously  and  equally  in  case  of  a  change  of  load,  it  is  seen  how 
difficult  the  problem  is.  A  certain  speed  difference  is  required  to 
operate  even  an  isochronous  governor.  Too  sensitive  governing 
may  easily  lead  to  hunting ;  too  sluggish  to  unequal  load  division,  pre- 
venting the  use  of  many  units  in  parallel,  or  of  units  differing  greatly 
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in  size.  A  considerable  fall  of  speed  from  no  load  to  full  load  in 
the  engines  usually  increase  the  ease  of  operating  a  generating  sta- 
tion, since  there  is  less  relative  variation  among  the  several  engines. 
Since  all  engines  must  run  at  synchronous  speed  precisely,  they  will 
carry  the  loads  determined  by  their  governors  at  that  speed,  and  no 
change  of  excitation  avails  to  vary  the  load,  as  may  be  done  in 
direct  current  operation,  where  a  slight  speed  difference  is  of  no 
consequence.  As  may  be  seen  from  the  chart  at  a  given  load  capacity 
the  vector  position  of  generator  is  fixed  by  its  excitation,  and  any 
change  in  excitation  will  alter  its  vector  position  and  power  factor. 

A  recent  circuit  arrangement  by  which  two  alternators  are  con- 
nected through  the  outside  connections  of  a  balancing  auto-trans- 
former, whose  neutral  connection  goes  to  line,  serves  to  maintain 
equal  or  proportional  current  outputs  from  the  two  machines  and 
permits  a  considerable  excitation  difference  while  maintaining  unity 
power  factor,  provided  the  engine  powers  are  arranged  to  carry  the 
load  difference.  This  method  has  its  special  advantage  in  regulating 
the  outputs  of  two  direct-connected  units  by  means  of  voltage  instead 
of  by  currents  as  heretofore.  This  permits  a  considerable  load  ad- 
justment with  equal  currents,  something  hitherto  impossible.  An 
interesting  feature  of  the  balancing  transformer  connection  for  alter- 
nators is  found  in  the  separation  of  circulating  current  from  load  cur- 
rent, so  that  any  tendency  for  machines  to  hunt,  even  slightly  is 
noticed,  and  any  exchange  of  current  between  machines  no  matter 
how  small  may  be  detected.  When  the  driving  power  or  the  voltage  is 
adjusted  to  give  good  operating  conditions  little  or  no  circulating 
current  is  found.  It  is  even  possible  to  have  an  automatic  alarm 
arranged  to  notify  the  attendant  of  any  circulating  current  above  a 
predetermined  minimum,  the  alarm  to  be  entirely  independent  of 
amount  of  load  current  delivered.  Operating  is  made  more  certain, 
the  machines  will  run  at  unity  power  factor  and  armatures  and  cir- 
cuits  are  not  encumbered  with  an  unknown  wattless  current.  It 
becomes  safe  to  operate  the  plant  at  higher  load  factor,  and  a  small 
unit  is  protected  from  overloads  due  to  hunting. 

Cyclic  variation  of  speed,  especially  in  gas  engines,  and  variations 
due  to  the  engine  response  often  falling  many  electric  cycles  behind 
the  command  of  the  governor  are  frequent  causes  of  serious  hunting. 
The  recent  attempts  to  improve  gas-engine  regulation  by  so  radical  a 
step  as  "bleeding"  shows  how  important  the  question  has  become. 
It  would  seem  that  a  flexible  mechanical  or  electrical  coupling  is 
demanded  to  make  gas  engines  successful  in  parallel  operation.  The 
steam  turbine  has  such  unrivalled  .advantages  in  respect  to  constant 
speed  rotation  as  to  have  largely  superseded  reciprocating  engines. 
The  proposed  use  of  asynchronous  generators  with  gas  engines  will 
perhaps  become  the  solution  of  the  gas  engine  problem  of  regulation. 
The  use  of  heavy  fly-wheels  helps  materially  in  uniformity  of  rota- 
tion, but.  in  the  case  of  parallel  operation,  it  is  a  question  of  the 
instant   dropping  of  load   from  a  generator  which  gets  so  little  as 
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I  deg.  in  space  behind  its  prescribed  position,  if  it  has  30  poles,  has  not 
fully  as  much  to  do  with  regulation  of  speed.  If  so  small  a  position 
change  removes  the  load  from  a  generator,  the  load  must  be  carried 
by  another  and  the  shifting  of  load  due  to  hunting  or  to  variations 
of  speed  not  properly  termed  hunting  must  overheat  the  generator 
rapidly,  even  when  its  average  load  is  normal.  The  slight  hunting 
that  will  cause  at  one  instant  no  load,  and  at  the  next  thrice  full 
load,  due  not  only  to  carrying  its  own  and  its  neighbor's  load,  but 
also  to  driving  its  mate  momentarily  as  a  motor,  will  cause  a  heat  loss 
somewhat  more  than  twice  normal.  Moderate  hunting  will  cause 
surprisingly  large  momentary  loads,  and  will  reduce  the  apparent 
rating  of  the  alternator. 

All  the  preceding  discussion  assumes  a  pure  sine  curve  of  alternat- 
ing current.  The  presence  of  the  higher  harmonics  can  add  no  power 
for  transmission,  yet  may  increase  the  heat  losses  in  line  and  in 
machines.  The  fact  that  the  triple  harmonic  is  not  recorded,  even  on 
an  oscillograph  when  connected  to  the  terminals  of  a  three-phase 
generator,  has  been  the  cause  of  its  presence  remaining  often  undis- 
covered. A  vector  difference  of  30  deg.  in  the  fundamental  is  90  deg.' 
in  the  third  harmonic,  hence  synchronizing  at  a  very  moderate  phase 
difference  as  to  the  fundamental,  may  give  unexpected  prominence  to 
the  harmonic.  In  case  of  different  wave-forms,  even  having  the 
same  equivalent  value,  dangerous  circulating  currents  may  flow. 
The  balancing  transformer,  previously  mentioned,  will  largely  reduce 
any  circulating  harmonics. 

The  sensitiveness  of  alternators  in  parallel  to  slight  vector  or 
excitation  differences  shows  that  even  a  seemingV  slight  unbalanced 
condition  of  phases  may  cause  serious  overloading  of  one  phase  or 
of  the  machine.  A  5%  inequality  of  voltage  as  received  by  a  rotary 
converter  might  easily  cause  one  phase  to  produce  two-thirds  the 
motor  output  while  the  second  phase  produced  but  one-third.  The 
synchronous  motor,  which  produces  lagging  or  leading  currents  at 
will  with  a  relatively  slight  change  in  excitation,  might  produce  a 
lagging  current  in  one  phase,  and  at  the  same  moment  a  leading 
current  in  another,  accentuating  a  potential  difference  of  an  un- 
balanced line  by  altering  the  standard  phase  angle  of  current.  The 
action  of  the  induction  motor,  on  the  other  hand,  serves  to  greatly 
reduce  any  unbalanced  condition.  Synchronous  generators  and  motors 
require  almost  ideal  conditions  for  satisfactorv  operation,  and  the 
success  of  so  many  transmission  lines  using  rotary  converters  is 
proof  of  the  high  ability  of  the  engineers  installing  and  operating 
these  p1ants. 

DISCUSSION. 

Mr.  D.  W.  Roper,  m.w.s.e.  Chairman :  The  subject  of  alternators 
in  parallel  is  most  interesting  and  prolific.  It  seems  to  be  an  inex- 
haustible mine  of  useful  and  valuable  information.  When  the  sta- 
tions first  began  to  operate  alternators  in  parallel,  the  principal  thing 
under     discussion     was     the     feasibility     or     possibility     of     run- 
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ning  certain  types  in  parallel,  and  later,  as  the  art  prog- 
ressed, a  different  line  of  argument  appeared.  When  di- 
rect connected  units  were  built,  there  was  considerable  discussion 
between  the  engine  and  dynamo  builders :  The  engine  builders 
thought  the  dynamos,  if  properly  constructed,  ought  to  hold  their 
machines  together  with  any  weight  of  fly-wheel,  and  the  dynamo 
builders  were  very  particular  about  the  weight  of  the  fly-wheel. 
Quite  recently,  the  subject  has  been  interesting  locally  on  account 
of  some  of  the  unexpected  occurrences  which  were  noted  when  at- 
tempting to  run  4-wire,  3-phase  machines  in  multiple. 

DESCRIPTION  OF  EXPERIMENTS,  TO  ILLUSTRATE  THE  PAPER. 

The  machines  used  in  the  experiments  were  a  pair  of  125-volt,  3-phase 
rotaries  on  the  same  shaft,  located  in  the  Harrison  Street  station.  For  the 
purposes  of  the  experiment  one  was  operated  as  a  D.  C.  motor  driving  the 
other  as  an  85-volt,  single-phase  alternator.  These  machines  were  originally 
installed  as  a  pair  of  engine  driven,  double  current  generators,  but  the  engine 
has  been  disconnected,  and  the  machines  have  for  sometime  been  operating 
as  rotaries. 

The  coil  of  wire  used  in  the  experiment,  and  which  was  connected  in  the 
armature  circuit  between  the  machines  and  the  bus,  consisted  of  470  lbs.  of 
No.  o  wire,  wound  on  a  wooden  reel  just  as  it  was  received  from  the  factory. 

A  synchronizer,  and  an  ammeter  in  the  armature  circuit,  were  installed 
in  the  Society  Rooms,  and  the  necessary  instrument  circuits  were  extended 
from  the  Harrison  Street  station.  The  machine  was  first  synchronized  in 
the  ordinary  way,  about  30  degrees  out  of  phase,  whereupon  the  current  at 
the  instant  of  closing  the  switch  was  about  two-thirds  of  full  load  current. 
The  machine  was  then  synchronized  a  number  of  times  with  varying  phase 
difference  and  with  the  coil  in  circuit.  When  synchronized  with  a  phase  dif- 
ference of  180  degrees,  the  current  did  not  exceed  one-third  of  full  load 
current. 

In  the  last  experiment  the  switch  was  closed  with  a  considerable  difference 
in.  frequency  between  the  machine  and  the  bus  and  the  speed  adjusted  after- 
wards. 

Mr.  Roper:  The  subject  of  synchronizing  without  injury  to  the 
machines  is  one  which  has  occupied  the  attention  of  engineers  for 
many  years.  When  the  first  1500  k.w.  railway  rotaries  were  started 
in  New  York  City,  they  were  afraid  to  synchronize  those  directly 
with  the  system  in  the  ordinary  manner,  for  fear  they  might  injure 
the  rotary  or  disturb  the  system  by  setting  up  surges.  They  there- 
fore synchronized  them  for  some  time  by  opening  the  direct  current 
armature  circuit  and  the  field  circuit  at  the  instant  of  synchronizing, 
so  that  the  rotary  was  connected  to  the  line  as  an  induction  machine. 
That  system  was  modified,  somewhat,  later  by  using  a  separate 
starting  bus  supplied  by  a  machine  of  limited  capacity — simply 
enough  to  overcome  the  friction  and  losses  of  the  rotary.  Later  on 
a  manufacturing  company  devised  a  scheme  of  starting  from  the  al- 
ternating side  of  the  rotaries  with  a  reduced  voltage,  so  that  there 
is  no  danger  at  any  time  of  the  current  exceeding  the  full  load  cur- 
rent of  the  machine. 

Another  manufacturing  company  uses  an  induction  motor  to  bring 
the   rotary   up   to   speed.       The   system   which   Prof.    Brooks   has 
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shown  would  possibly  not  be  necessary  if  synchronizing  could  al- 
ways be  done  under  as  favorable  conditions  as  it  has  been  done 
here  this  evening.  In  practical  conditions  the  difficulties  would  be 
far  greater,  because  there  would  not  be  the  same  uniformity  of  rota- 
tion of  either  the  incoming  machine  or  the  bus  to  which  it  was  to  be 
synchronized. 

Mr.  Lyman,  m.w.s.e.  :  I  have  been  much  interested  in  Prof.  Brooks' 
paper,  and  in  the  clear  way  he  has  presented  to  us  the  various  phases 
of  the  subject.  Our  Chairman,  in  introducing  the  speaker,  told  us 
that  Prof.  Brooks  would  doubtless  bring  out  a  great  deal  more  in 
connection  with  the  subject  than  had  already  been  considered,  and 
that  we  should  realize  after  he  had  finished  that  there  is  much  yet 
to  be  learned.     He  has  shown  more  than  I  had  thought  possible. 

When  I  first  began  studying  the  subject  I  did  a  good  deal  of  lab- 
oratory work  with  a  couple  of  small  alternators,  putting  resistance 
and  reactance  between  them  to  vary  this  angle,  and  to  get  the  re- 
sults so  beautifully  showing  (in  Prof.  Brooks'  charts)  the  effect  of 
line  resistance  and  line  inductance  in  the  synchronizing — and  the  ef- 
fect of  the  difference  in  impedance  in  the  armature  of  the  alternator 
or  the  synchronous  motor. 

In  connection  with  the  use  of  the  coil  in  synchronizing  generators, 
and  possibly,  also,  in  the  use  of  a  coil  where  a  synchronous  motor  is 
used,  the  synchronizing  power  of  the  two  machines  is  reduced  in 
proportion  to  the  reactance  of  that  coil.  Suppose  we  are  driving  a 
synchronous  motor,  or  perhaps  a  rotary  converter:  Would  not  that 
synchronous  motor  drop  out  of  speed  with  an  overload  much  more 
quickly  with  this  reactance  coil  in  than  without  it? 

Prof.  Brooks :  Yes,  the  coil  is  not  left  in.  It  is  used  like  a  starting 
box,  and  it  is  possible  to  cut  out  the  reactance  gradually. 

Mr.  P.  Junkersfeld,  m.w.s.e.:  As  I  sat  here  this  evening  listening 
to  Prof.  Brooks'  paper  and  witnessing  the  demonstration.  I  was  im- 
pressed that  either  the  years  are  passing  very  rapidly  or  the  art  is 
going  on  very  rapidly,  or  possibly  both.  It  is  perhaps  worth  men- 
tioning that  the  particular  double  current  generator  used  here  to- 
night in  Prof.  Brooks'  demonstrations  has  been  in  service  only  about 
ten  years.  At  that  time  the  synchronizing  of  an  alternator  was 
somewhat  of  an  event.  In  fact  I  believe  that  was  the  first  double 
current  generator  for  general  lighting  and  power  service  which  was 
put  into  general  commercial  use.  This  occurred  in  1898.  The  year 
before  an  inverted  rotary  was  put  into  service — the  first  25  cycle  in- 
stallation in  Chicago. 

Just  ten  years  ago  that  inverted  rotary  was  synchronized  with  this 
machine,  which  was  done  by  hand  and  with  much  hesitancy.  At  that 
time  very  few  people  cared  particularly  to  take  part  in  synchroniz- 
ing operations,  for  if  a  roof  should  be  torn  off  they  did  not  wish 
to  be  very  near.  Only  a  year  later  the  second  unit  was  put  in  ser- 
vice, and  that  was  the  first  time  the  two  engine  driven  units  were 
synchronized   and  put   into  use.       That  was  considered  important 
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enough  for  two  experts  to  come  here  from  Schenectady  and  spend  a 
week  with  us.  Then  in  1900,  the  first  50  cycle  direct  coupled  alter- 
nators in  Chicago  were  synchronized  still  with  some  hesitancy. 
When  I  contrast  those  three  occurrences  with  what  we  have  seen 
this  evening,  it  indicates  marked  progress. 

I  recall  two  or  more  years  ago,  when  Prof.  Brooks  pointed  out  to 
me  what  he  had  been  doing  in  his  laboratory — throwing  some  small 
alternators  into  parallel.  I  confess  that  I  was  somewhat  skeptical 
of  the  outcome,  and  suggested  trying  the  operation  on  some  larger 
machines  he  had  next  door.  He  has  since  done  that  and  more,  and  I 
think  this  is  perhaps  the  first  public  demonstration  on  such  a  large 
scale.  It  is  an  event  which  is  worth  remembering,  and  I  have  no 
doubt  at  all  that  with  small  and  moderate  sized  plants  particularly 
the  scheme  will  find  quite  a  little  application. 

During  this  interim  of  ten  years  devices  of  one  kind  or  another 
have  been  brought  out,  but  most  of  them  have  been  mechanically 
operated.  Along  the  lines  of  automatic  synchronizing  various  de- 
vices have  been  gotten  up,  but  engineers  who  have  been  asked  the 
question,  "is  it  worth  the  money  ?"  have  naturally  been  skeptical,  but 
this  device  which  Prof.  Brooks  has  brought  out,  which  is  only  a  coil 
of  wire,  is  not  open  to  that  objection,  and  I  think  the  profession  is 
indebted  to  him  for  the  work  he  has  done  along  this  line  during  the 
past  two  years. 

Prof.  A.  A.  Radtke:  Several  years  ago  I  conceived  the  idea  of  put- 
ting machines  together  in  this  way,  but  did  not  know  that  Prof. 
Brooks  had  ever  done  it.  In  the  laboratory  I  proceeded  to  connect 
up  three-phase  alternators  with  some  impedance  in  the  circuit,  and 
threw  them  together  in  various  positions.  They  came  together  with 
more  or  less  activity,  depending  on  the  amount  of  impedance  in  the 
circuit.  I  found  that  with  large  impedance  in  the  circuit  the  ma- 
chines were  slow  to  respond,  while  nearer  to  the  condition  of  throw- 
ing them  in  without  any  impedance  in  the  circuit  they  would  jump  to- 
gether very  quickly.  There  is  liable  to  be  considerable  strain  on  the 
machines  if  you  throw  them  in  without  any  impedance. 

I  am  glad  to  be  present  this  evening  and  to  see  Prof.  Brooks'  mod- 
ification of  the  circular  diagram.  Being  familiar  with  the  other  ver- 
sions given  in  books  on  the  subject  of  alternating  current  motors,  I 
think  we  are  indebted  to  Prof.  Brooks  for  putting  this  matter  in  a 
more  simple  and  direct  way,  and  in  a  way  which  is  more  easily 
grasped. 

Mr.  IV.  L.  Abbott,  m.w.s.e.  :  There  is  one  point  which  I  would  call 
attention  to : — Prof.  Brooks  stated  that  the  amount  of  wire  used  for 
this  synchronizing  demonstration  which  we  have  witnessed  this  even- 
ing is  between  one-half  a  pound  and  one  pound  per  kilowatt  of  ca- 
pacity of  the  rotary  synchronized.  In  the  next  to  the  last  demon- 
stration of  synchronizing  given,  I  believe  something  like  125  pounds 
of  wire  was  used  for  200  kilowatts  of  capacity.  After  the  switch 
was  closed  it  took  but  one  or  two  seconds  for  the  machine  to  pull  in- 
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to  synchronism  and  I  have  no  doubt  the  size  of  the  wire  in  the  syn- 
chronizing coil  could  be  reduced  one-half  without  any  injury  result- 
ing to  the  coil  during  the  operation.  We  may  therefore  say  that 
synchronizing  can  safely  be  done  with  as  little  as  ^4  of  a  pound  of 
wire  in  the  synchronizing  coil  per  kilowatt  capacity  synchronized. 
This  would  be  a  very  small  coil  hung  up  on  a  peg  or  laid  anywhere 
out  of  the  way. 

Mr.  E.  F.  Smith,  m.w.s.e.  :  I  have  been  greatly  interested  in  the 
paper  this  evening,  but  do  not  know  that  I  can  add  anything  of  par- 
ticular interest  in  the  way  of  discussion. 

It  may  be  of  interest  to  know  that  the  conditions  which  have  re- 
quired great  skill  in  synchronizing  have  naturally  produced  a  corps 
of  skilled  operators  in  large  systems,  and  that  upwards  of  3,000 
synchronizing  operations  are  performed  per  month  without  any  of  us 
knowing  it  from  any  bad  results  being  produced ;  also  that  we  have 
performed  this  operation  here  in  Chicago  upwards  of  100,000  times 
since  we  have  experienced  any  damage,  and  even  then  the  damage 
was  comparatively  small,  the  expense  of  making  the  repairs  having 
been  only  about  0.05  of  1%  of  the  total  cost  of  repairs  and  recon- 
struction during  the  period  intervening  between  troubles  resulting 
from  synchronizing,  which  is  quite  remarkable. 

The  generating  station  at  Fisk  Street  synchronizes  about  once  to 
each  ten  times  in  the  sub-stations.  I  have  prepared  a  few  figures, 
which  may  be  of  some  interest,  although  perhaps  not  largely  so,  as 
they  are  somewhat  foreign  to  the  subject.  Before  enumerating 
them,  however,  it  might  be  of  some  interest  to  refer  to  the  possible 
application  of  Prof.  Brooks'  scheme  of  the  use  of  the  impedance  coil 
for  self  synchronizing  in  connection  with  starting  and  putting  into 
service  of  frequency-changing  motor  generator  sets.  That  operation 
as  performed  in  the  Commonwealth  Edison  system,  where  we  con- 
vert from  25  to  50  cycles,  is  quite  an  important  one,  as  the  motors, 
having  five  pair  of  poles,  present  five  different  conditions  under  which 
it  is  proper  to  connect  them  when  synchronizing  with  the  25  cycle 
system,  although  one  only  is  correct  for  paralleling  the  60  cycle  gen- 
erators and  that  involves  starting  the  motor  on  the  A.C.  side,  observ- 
ing the  displacement  between  the  generators,  disconnecting  motor  and 
sliding  round  until  the  generators  are  in  step,  then  closing  them 
together.  It  might  be  possible,  with  the  application  of  the  impedance 
coils  of  Prof.  Brooks'  scheme,  to  so  design  them  in  regard  to  their 
relative  strength,  that  with  one  connected  in  each  end  of  such  a  unit — 
in  the  25  cycle  end  as  well  as  the  60  cycle — the  mere  closing  of  those 
two  circuits  would  automatically  bring  the  machines  into  correct 
phase  relationship  on  both  sides ;  this  would  save  time  and  be  a  desir- 
able condition  if  practicable. 

The  impedance  coil  may  be  applied  to  rotary  converters  in  syn- 
chronizing before  cutting  them  in,  although  the  presence  of  such  an 
impedance  between  the  A.C.  terminals  of  the  transformer  connected 
with  the  rotary  and  the  bus  involves,   when   connecting  the  rotary 
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with  the  transmission  system,  with  a  phase  displacement  existing 
between  the  two,  a  lagging  current  through  the  armature  of  the  con- 
verter, which  will  cause  it  to  speed  and  may  create  a  very  undesir- 
able condition.  In  order  to  avoid  such  speeding  Prof.  Brooks  has 
applied  an  additional  impedance  coil  to  the  D.C.  side  of  the  con- 
verter, the  value  of  the  impedance  being  such,  relatively,  to  that  of 
the  coil  on  the  A.C.  side,  that  the  tendency  to  speed  would  be  eoun- 
teracted. 

Recently  when  I  was  visiting  the  University  of  Illinois,  Prof. 
Brooks  was  kind  enough  to  demonstrate  the  operation  of  synchroniz- 
ing a  small  rotary  converter,  both  with  the  impedance  on  the  D.C. 
side  and  without  it.  The  operation  of  synchronizing  without  the 
impedance  in  D.C.  side  resulted  in  excessive  speed,  but  the  operation 
was  very  successfully  performed  with  the  impedance  on  both  sides. 

As  to  whether  there  would  be  required  a  separate  impedance  coil 
for  use  in  D.C.  side  with  each  particular  converter,  is,  I  think,  some- 
what of  a  question  and  might  have  some  bearing  on  the  applicability 
to  rotary  converters.  It  is  a  very  valuable  method,  and  one  capable 
of  wide  application  but  more  particularly  applicable  to  generators. 

The  proportional  amount  of  time  consumed  in  the  operation  of 
synchronizing  purely  and  simply,  as  compared  with  the  total  time 
required  in  starting  rotary  converter  outfits,  may  be  of  some  interest. 
The  entire  time  required  for  performing  operation  of  synchronizing 
alone — I  mean  the  time  required  under  the  most  favorable  circum- 
stances for  that  particular  operation  alone,  separate  from  everything 
else — ranges  from  five  to  fourteen  seconds,  with  the  different  sizes 
of  converters  ranging  from  500  k.w.  to  2,000  k.w.,  and  correspond- 
ingly ranges  from  eight  to  fifteen  per  cent,  of  the  total  time  required 
to  perform  all  of  the  starting  operations  of  the  converters. 

In  regard  to  the  method  of  starting  the  converters,  practically  all 
the  starting  of  converters  in  the  Commonwealth-Edison  system  is 
done  by  the  D.C.  method,  and  but  comparatively  few  of  the  con- 
verters in  that  system  are  equipped  with  switches  which  may  be  used 
in  connection  with  the  half  taps  on  the  transformers,  for  starting 
the  converters  from  the  A.C.  side  by  impressing  upon  them  one-half 
the  full  A.C.  voltage.  Under  the  latter  conditions  converters  can  be 
started,  in  general,  quicker  than  by  the  D.C.  method. 

I  will  state,  briefly,  a  few  figures  in  connection  with  A.C.  starting. 
They  may  look  like  discrepancies,  but  it  will  be  observed  that  the 
stored  energy  at  synchronous  speed  is  somewhat  different  for  the 
different  machines,  and  the  time  required  for  acceleration  is  corres- 
pondingly different.  The  maximum  k.w.  and  amperes  drawn  from 
the  generators  during  the  starting  of  the  converters  from  the  A.C. 
side  is 

300  k.w.  for  250  k.w.  converter  ;  20  amperes ; 
290  k.w.  for  500  k.  w.  converter  ;  30  amperes ; 
475  k.w.  for  iooo  k.w.  converter ;  54  amperes. 
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A  large  amount  of  energy  is  consumed  in  overcoming  the  inertia 
of  the  armature.     The  average  k.w.  during  the  entire  period  is  with 
250  k.w.  converter,  101  ; 
500  k.w.  converter,  200 ; 
1000  k.w.  converter,  233. 
giving  percentages  of  rating  ranging  from  36  per  cent.  for  the  250 
k.  w.  converter  down  to  21  per  cent,  for  the  1000  k.  w.  converter. 

The  periods  of  acceleration  were  as  follows: 

S^2  seconds  for    250  k.w.  converter ; 

9      seconds  for    500  k.w.  converter; 

19.3   seconds  for  1000  k.w.  converter. 

It  will  thus  be  seen  that  these  machines  speed  up  very  rapidly. 
The  stored  energy  in  k.w.  minutes  in  the  revolving  mass  at  syn- 
chronous speed,  which  amounts  to  the  same  as  the  energy  required 
to  accelerate  to  synchronous  speed  is : 

14.3  for    250  k.w.  unit ; 

30     for    500  k.w.  unit ; 

75.1  for  1000  k.w.  unit. 

The  time  required  for  completing  all  starting  operations  from  the 
A.C.  side,  ranges  from 

38  seconds  to  1  min.  6  sec.  for  the  small  machine — 250  k.w.  unit ; 

53  seconds  to  1  min.  8  sec.  for  the  500  k.w.  unit. 

1  min.  3  sec.  to  1  min.  53  sec.  for  the  1000  k.w.  unit 

The  large  difference  in  time  resulted  from  the  methods  used  for 
correcting  polarity.  The  method  was  that  of  reversing  the  field 
current  by  the  reversible  field  break-up  switch,  the  shortest  time  being 
that  in  which  the  polarity  was  corrected  by  exciting  the  field  from 
the  D.C.  bus. 

Mr.  Geo.  H.  Lukes,  m.w.s.e.  :  I  am  sure  that  every  man  that  has 
anything  to  do  with  the  operation  of  alternating  current  power  plants 
will  be  greatly  interested  in  this  scheme.  It  certainly  has  very 
attractive  possibilities.  It  is  cheap  for  one  thing,  and  we  do  not 
need  to  add  to  our  intended  investment  a  very  large  amount  to 
"try  it  out." 

I  think  there  is  only  one  point  on  which  Prof.  Brooke  deserves 
censure  and  that  is  that  he  did  not  bring  out  the  scheme  a  number 
of  years  ago.  His  efforts  to  snap  the  rubber  bands  on  the  bicycle 
wheels  reminded  me  very  much  of  the  daily  performance  at  a  little 
station  that  we  operated,  where  sometimes  the  chief  engineer  was 
trying  to  parallel  machines,  the  load  going  up  every  second.  I  think 
Prof.  Brooks  sort  of  deprecates  the  scheme  and  tries  to  make  us 
believe  that  it  would  be  applicable  to  special  conditions,  but  those 
special  conditions  under  which  it  would  be  a  very  nice  thing  are  the 
ones  that  get  us  into  trouble  with  our  customers.  I  have  an  idea 
that,  as  the  operating  force  becomes  more  thoroughly  organized  and 
as  the  equipment  of  a  plant  or  system  is  modernized  and  everything 
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is  running  smoothly,  a  shut-down,  when  it  does  occur,  is  likely  to  be 
more  disastrous,  and  the  recovery  is  likely  to  be  slower  than  in  old 
plants  where  such  things  were  of  daily  occurrence.  I  know  that 
with  the  Commonwealth-Edison  Co.,  the  operation  became  so  perfect 
that  every  once  in  a  while  they  would  have  a  "mock"  breakdown, 
just  to  keep  the  employees  in  training.  I  believe  Mr.  Smith  organ- 
ized something  similar  to  a  fire  drill:  he  would  put  part  of  the  sys- 
tem out  of  use  and  start  it  up  again  so  the  employees  would  know 
how  to  start  up  when  there  was  a  shut-down. 

The  point  I  am  trying  to  make  is  that  such  a  device  as  Prof. 
Brooks  proposes  might  be  of  tremendous  importance,  even  in  a  well 
organized  company  with  modern  equipment. 

Mr.  Phenicie:  I  have  been  much  interested  in  Prof.  Brooks'  talk. 
In  operating  our  moderate  sized  plant  we  have  more  trouble  in  stay- 
ing in  synchronism  than  we  do  in  getting  in,  in  the  first  place.  That 
is,  we  will  have  quick  variations  of  load  which  will  throw  us  out  of 
synchronism  after  we  have  been  operating  for  some  time.  It 
occurred  to  me  that  this  reactive  coil  would  be  very  valuable  to  put 
in  between  the  stations  and  leave  it  there  permanently,  if  properly 
designed. 

Prof.  Brooks:  If  the  coil  was  left  in  permanently,  it  would  tend, 
to  a  certain  extent,  to  hinder  the  flow  of  synchronizing  current  and 
assist  in  pulling  out  of  step. 


NEW  QUARTERS  FOR  THE  WESTERN  SOCIETY  OF  ENGINEERS 
Chicago,  June,   ipoS 

The  Board  of  Direction  of  the  Western  Society  of  Engineers, 
desires  to  inform  the  membership  and  friends  of  the  Society  what  is 
being  done  in  the  way  of  improved  accommodations. 

The  accompanying  engraving  shows  the  proposed  changes  on  the 
17th  floor  of  the  Monadnock  Block,  which  additional  space  has  been 
secured  for  the  use  of  the  Society. 

The  space  heretofore  occupied,  was  a  suite  of  offices,  on  the  east 
side  of  the  building,  and  known  as  Nos.  1734-41  inclusive.  Under 
the  new  arrangements  the  rooms  1736-41  inclusive  have  been  va- 
cated and  the  new  space  includes  all  of  the  17th  floor  north  of  the 
elevators,  to  the  fire  wall  at  the  mid-length  of  the  building.  This 
includes  the  corridor,  and  the  rooms  on  each  side  thereof,  known  as 
Xo.  1760-64  and  1731-35,  inclusive.  As  shown  on  the  plan,  this 
gives  a  floor  space  of  62  ft.  by  61.5  ft.,  an  increase  of  more  than 
80^.  over  the  old  quarters. 

A  wide  double  glass  door  will  close  the  end  of  the  corridor  next 
the  elevators  and  the  present  corridor  walls  will  be  taken  out  and 
rearranged  as  shown  in  the  plan. 

In  the  central  portion  of  the  new  space  will  be  the  meeting  room, 
36  ft.  by  44  ft.,  with  a  high  ceiling  and  seats  for.  162 — an  increase 
of  6or'c  over  the  old  quarters.  It  is  expected  that  the  ventilation  of 
this  new  meeting  room  will  be  much  better  than  heretofore.  The 
reading  room  will  remain  and  be  virtually  as  heretofore,  and  with 
the  Secretary's  office  on  the  opposite  side  of  the  building,  with  an 
entrance  vestibule  between.  Adjacent  to  these  will  be  the  Library, 
on  the  east  side,  and  a  committee  room  and  store-room  for  period- 
icals on  the  west  side  of  the  building.  This  arrangement,  it  is 
believed,  will  give  increased  space  for  the  needs  and  convenience  of 
the  Library,  which  is  steadily  growing  and  is  used  more  and  more 
by  the  membership  and  the  public. 

The  membership  now  numbers  1000,  of  which  about  60%  are 
"Resident,"  living  within  50  miles  of  the  Society's  rooms.  The  rest 
of  the  membership  are  scattered  over  the  L'nited  States  and  depen- 
dencies and  are  also  to  be  found  in  Mexico,  Cuba,  South  Amer- 
ica, etc. 

The  meetings  of  the  Society  are  generally  held  twice,  and  some- 
times three  times,  a  month,  except  in  July  and  August,  and  aggregate 
about  thirty  meetings  a  year.  At  these  meetings  subjects  of  engin- 
eering or  technical  interest  are  presented,  by  means  of  papers  and 
addresses,  and  are  open  for  general  discussion  afterwards.  These 
papers  and  discussions  are  subsequently  published,  with  suitable 
illustrations  if  desirable,  in  the  Journal  of  the  Society,  which  is  dis- 
tributed to  the  membership.     The  Journal  can  also  be  had  from  the 
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Secretary,  by  purchase  or  a  subscription  of  $3.00  a  year.  The 
Journal  is  issued  six  times  a  year,  under  the  dates  of  February, 
April,  June,  August,  October  and  December.  These  six  numbers 
of  one  year  constitute  a  volume;  a  copious  index  for  the  year  is 
printed  with  the  December  number. 

The  publication  of  the  Journal  of  the  Society  began  in  1896,  and 
the  issues  for  the  current  year,  1908,  constitute  the  13th  volume. 
The  Society  was  organized  in  1869,  nearly  40  years  ago,  as  the 
"Civil  Engineers'  Club  of  the  Northwest,"  but  was  incorporated 
under  the  laws  of  the  State  of  Illinois  in  1880  as  the  Western 
Society  of  Engineers.  The  Society  has  always  maintained  some- 
thing of  a  Library,  but  this  was  not  extensive  nor  of  great  value 
until  after  1896,  when  the  publication  of  the  Journal  was  begun. 
By  its  aid,  the  Society  was  placed  in  closer  touch  with  other  Engin- 
eering, Scientific  and  Technical  Societies,  the  publications  of  which, 
as  also  a  considerable  list  of  technical  and  engineering  papers  come 
to  the  library  of  the  Society,  in  exchange  for  the  Journal.  There 
are  about  200  such  publications  that  are  received  on  this  basis  and 
these  constitute  a  valuable  and  interesting  part  of  the  Library. 

Many  books  come  to  the  Society,  from  publishers,  in  consideration 
of  a  reading  notice  or  review  of  the  book  being  published  in  the 
Journal.  Other  books  are  bought  from  time  to  time  by  the  manage- 
ment of  the  Society,  as  it  may  seem  expedient,  and  the  Library  now 
contains  nearly  7,000  volumes  of  Engineering,  Scientific  or  Tech- 
nical interest.  The  central  location  of  the  rooms  and  library  of  the 
Society,  in  the  Monadnock  Block,  makes  them  very  accessible  and  the 
Library  is  constantly  patronized  by  the  members  of  the  Society  and 
others.  It  is  hoped  and  expected  that  with  the  new  quarters  of  the 
Society,  the  Library  will  be  still  more  available  and  valuable  for 
consultation. 


IN  MEMORIAM. 

Professor  Storm  Bull,  m.e. 

November  17,  1907. 

Storm  Bull  was  born  at  Bergen,  Norway,  October  20th,  1856. 
His  early  education  was  obtained  at  his  home  in  Norway,  but  for  his 
professional  work  he  went  to  Switzerland  where  he  attended  the 
famous  engineering  school  at  Zurich,  at  that  time  the  most  cosmopoli- 
tan technical  school  in  the  world.     He  chose  the  course  in  mechani- 


cal engineering,  from  which  he  graduated  with  the  degree  of  m.e.  in 
1877.  The  cosmopolitan  character  of  the  institution  was  of  great 
advantage  to  him  as  he  was  compelled  to  listen  to  lectures  in  at  least 
two  different  languages  (French  and  German),  both  foreign  to  him. 
In  this  way  Professor  Bull  laid  the  foundation  for  an  exceptional 
proficiency  in  the  use  of  modern  languages,  both  in  speaking  and 
writing. 

453 


454  In  Me  mo  riant. 

After  graduation  he  spent  two  years  in  engineering  practice,  mostly 
in  European  shops.  He  came  to  this  country  in  1879  and  chose 
Madison.  Wisconsin,  as  his  residence,  being  led  to  this  choice  by 
reason  of  the  fact  that  Ole  Bull,  the  great  violinist  and  an  uncle  of 
Professor  Bull,  resided  there  at  that  time. 

Shortly  after  his  arrival  he  was  appointed  instructor  in  the 
engineering  department  of  the  University  of  Wisconsin,  in  which 
position  his  work  varied  from  time  to  time  as  the  contingencies  of 
the  program  might  require.  He  was  appointed  professor  of  mechan- 
ical engineering  in  1886;  and,  in  1891,  by  reason  of  increasing  special- 
ization of  work,  he  was  made  professor  of  steam  engineering. 
This  chair  he  held  up  to  the  time  of  his  death. 

Professor's  Bull  technical  training  was  of  the  highest  order,  and 
his  working  knowledge  of  mathematics  and  the  higher  methods  of 
analysis  was  equalled  by  very  few  men  in  American  engineering 
schools.  In  the  development  of  the  modern  high-duty  engine,  and 
of  the  steam  turbine,  Professor  Bull  was  quite  at  home,  and  his 
critical  reviews  for  the  Engineering  News,  of  technical  work  in  this 
field,  have  attracted  much  attention. 

While  first  of  all  a  teacher  and  scholar,  Professor  Bull  was  ac- 
tive in  professional  practice,  particularly  during  recent  years.  His 
services  were  frequently  required  by  his  home  state  in  the  design 
of  power  plants  for  various  state  institutions,  and  at  the  time  of  his 
last  sickness  he  was  engaged  in  the  preparation  of  plans  for  a  large 
power  plant  for  the  new  Wisconsin  State  Capitol  building.  He 
was  an  honored  member  of  many  scientific  and  technical  societies, 
and  was  particularly  active  in  the  Society  for  the  Promotion  of 
Engineering  Education,  the  Western  Society  of  Engineers,  and  the 
American  Society  for  the  Advancement  of  Science. 

To  those  acquainted  with  Professor  Bull  nothing  need  be  said 
regarding  him  as  a  gentleman  and  aaiian  of  the  highest  honor. 
His  devotion  to -duty  was  a  strong  element  in  his  character,  and  to 
him  this  demanded  his  services,  not  only  in  his  profession  as  a  teacher 
and  engineer,  but  in  all  of  his  relations  to  society.  It  was  this  that 
led  him  to  give  his  time  for  several  years  as  a  member  of  the  com- 
mon council  and  as  mayor  of  the  city  of  Madison.  He  was  also  for 
many  years  an  active  member  of  the  finance  committee  of  the  Uni- 
tarian church,  to  which  he  belonged.  He  had  just  reached  the  prime 
of  life  and  was  most  enthusiastic  regarding  future  plans  in  his 
professional  work. 

In  the  spring  of  1907  Professor  Bull  was  attacked  by  cancer  and, 
while  an  operation  appeared  for  a  time  to  relieve  him,  the  trouble 
returned  and,  after  many  months  of  suffering,  he  passed  away  on 
November  17th,  1907.  He  leaves  a  wife  and  son,  a  recent  graduate 
of  the  University  of  Wisconsin.         (Signed) 

F.    E.    TlTRNEAURE, 

L.   P.    Breckenridge, 
Andrews  Allen, 

Committee. 
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James  Dux. 

February  23rd,  1908. 

James  Dun  was  born  in  Chillicothe.  <  >hii  ■  .  September  8th,  1844,  his 
parents  being  James  and  Susan  Virginia  W'alke  Dun.  His  father's 
ancestors  were  Scotch  and  his  mother'-  English.  He  was  educated 
in  the  public  schools  of  Ohio,  and  in  Miami  University.  In  1866  he 
began  his  railroad  experience  as  a  chairman  with  an  engineering  party 


on  the  Indianapolis  &  Cincinnati  Railway,  a  line  which  is  now 
a  portion  of  the  Cleveland.  Cincinnati.  Chicago  &  St.  Louis  Rail- 
way. The  following  year  he  entered  the  service  of  the  Atlantic  \- 
Pacific  Railway  and  served  with  that  company  as  an  Assistant  En- 
gineer until  187 1.  the  Atlantic  &  Pacific  at  that  time  being  the 
name  of  the  road  which  afterward.-  became  the  St.  Louis  &  San 
Francisco  Railway.     The  original  purpose  of.  the  ino  1  -  of 

this  company  was  the  construction  of  a  line  to  the  Pacin  and 

Mr.  Dun  was  engaged  thus  early  in  investigations  and  surveys  in  con- 
nection with  a  trar,--continental  line.  In  1 87 1  Mr.  Dun  went  to  the 
Missouri  Pacific  Railway  as  an  Assistant  Engineer  and  stayed  with 


456  In  Memoriam. 

that  company  until  1874  when  he  was  engaged  as  Engineer  for  the 
Union  Depot  Company  at  St.  Louis,  Mo.  In  1877  he  became  con- 
nected with  the  St.  Louis  &  San  Francisco  Railway,  which  had 
meanwhile  succeeded  the  Atlantic  &  Pacific  Railway,  as  Super- 
intendent of  Bridges  and  Buildings,  and  the  following  year  he  was 
made  Chief  Engineer  of  that  road.  Twelve  years  thereafter  the 
Frisco,  by  which  name  the  St.  Louis  &  San  Francisco  Railway 
was  known,  became  part  of  the  Atchison,  Topeka  &  Santa  Fe 
Railroad,  and  Mr.  Dun  was  made  Chief  Engineer  of  the  latter  in 
August.  1890,  his  headquarters  being  established  at  Topeka.  He 
remained  with  this  company  up  to  the  time  of  his  death,  having 
been  made  Chief  Engineer  of  the  entire  Santa  Fe  System,  with  head- 
quarters in  Chicago  in  1900,  and  serving  in  this  capacity  until  1906 
when  he  became  its  Consulting  Engineer. 

When  Mr.  Dun  was  born  there  were  practically  no  railroads  west 
of  the  Great  Lakes  and  at  the  end  of  his  life  seven  trans-continental 
roads  reached  to  the  Pacific  with  many  extending  from  the  northern 
boundary  of  the  United  States  to  the  Gulf,  and  the  entire  country 
had  been  thoroughly  opened  up  and  developed  by  this  powerful  agent 
and  forerunner  of  civilization.  Mr.  Dun,  born  as  he  was,  in  the 
great  Mississippi  Valley  and  passing  his  entire  life  in  that  region 
contemporaneously  with  this  remarkable  development  of  railroads 
therein  has  left  a  distinct  imprint,  not  only  on  the  work  as  a  whole, 
but  on  the  characters  of  the  men  who  served  under  and  with  him. 
His  life,  therefore,  may  be  counted  as  woven  into  and  a  part  of  this 
great  network  of  transportation  lines  that  have  been  created  in  the 
western  half  of  this  great  country.  Mr.  Dun  kept  pace,  not  only 
with  the  growth  in  mileage  of  the  railroads  of  the  west,  but  with 
the  developments  in  quality  and  character  of  the  transportation 
facilities  demanded  and  afforded  by  the  more  recent  years.  As  an 
example  of  the  later  and  better  type  of  construction  may  be  cited 
the  two  hundred  and  fifty  miles  comprising  the  Eastern  Railway  of 
New  Mexico,  a  part  of  the  Santa  Fe  System,  built  entirely  under  Mr. 
Dun's  supervision  during  the  latter  years  of  his  service  as  Chief 
Engineer,  a  road  built  over  an  elevation  over  six  thousand  feet  high 
with  limiting  grades  of  only  six-tenths  of  one  per  cent  and  with 
workmanship  of  a  character  that  will  always  stand  as  a  monument  to 
Mr.  Dun's  ability  in  this  direction. 

In  the  course  of  his  long  connection  with  the  various  western 
roads  many  interesting  engineering  problems  were  presented  to  him 
and  successfully  solved.  While  he  was  Chief  Engineer  of  the  Santa 
Fe  System  the  work  of  rehabilitation  was  carried  out  by  which  prac- 
tically every  bridge  on  its  main  line  was  strengthened  or  renewed 
in  order  to  modernize  the  road  and  enable  it  to  carry  the  heavy  power 
which  economical  conditions  have  forced  the  railroads  to  adopt  in 
recent  years.  This  was  no  light  task  on  a  road  which  had  recently 
been  through  financial  difficulties  and  which  extended  over  such  an 
enormous  territory.  Following  close  on  the  successful  carrying  out 
of  this  work  came  the  track  elevation   work  in   Chicago   and  the 
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many  problems  and  difficulties  attached  thereto,  all  of  which  bear 
the  imprint  of  Mr.  Dun's  abilities,  and  the  successful  carrying  oul 
of  which  in  many  cases  wras  due  entirely  to  his  plans. 

One  of  the  mest  important  works  of  Mr.  Dun's  life  was  the  tabu- 
lating- of  drainage  areas  in  the  territory  covered  by  the  lines  in  which 
his  experience  has  been  gained.  By  means  of  the  tables  prepared 
under  his  direction  a  systematic  design  of  openings  for  waters 
has  been  rendered  possible  and  Mr.  Dun  was  one  of  the  pioneer^  in 
this  method  of  determining  the  size  of  structures  necessary. 

In  1885  Mr.  Dun  married  Mrs.  Belle  R.  Otterson,  and  their 
daughter,  Mary  E.   Dun,  survives  both  parents. 

Mr.  Dun's  second  wife,  Mrs.  Lucy  J.  Rucker,  to  whom  he  was 
married  in  1899,  survives  him. 

The  subect  of  this  memoir  was  an  example  of  rugged,  straight- 
forward manhood,  combined  with  simplicity  of  character.  A  love 
of  justice  and  fair  dealing  actuated  his  course  through  life. 

One  of  the  subscribers  to  this  memoir  of  our  late  comrade,  had  to 
negotiate  with  him  a  settlement  affecting  his  railway  system  on  the 
one  hand,  and  the  Sanitary  District  of  Chicago  on  the  other.  This 
negotiation  was  somewhat  intricate  and  very  protracted,  and  through 
it  the  two  men  came  to  know  each  other  intimately.  To  the  one  who 
lives  to  write  of  his  friend  it  demonstrated  his  patient  industry  in 
thorough  investigation  of  every  detail  of  the  questions  involved,  but 
more  than  all  it  demonstrated  his  absolute  fairness  ;  he  sought  justice, 
not  advantage.  Often  since  then  the  conviction  born  of  that  nego- 
tiation has  found  utterance  like  this  "If  I  had  a  matter  to  be  arbi- 
trated I  would  be  willing  to  have  Jim  Dun  the  sole  arbitrator,  and 
would  know  that  his  decision  would  be  just." 

Mr.  Dun  was  a  member  of  the  American  Society  of  Civil  Engin- 
eers, of  the  Engineers  Club  of  St.  Louis,  and  of  the  Western  Society 
of  Engineers,  having  been  elected  a  member  of  the  latter  on  March 
17th,  1896. 

( Signed 

Onward  Bates, 
Ishman   Randolph, 
W.  B.  Story,  Tr. 

Committee. 


PROCEEDINGS  OF  THE  SOCIETY. 
MINUTES  OF  THE  MEETINGS 

Regular  Meeting,  May  6th,  1908. 

A  regular  meeting  of  the  Society  (No.  633)  was  held  Wednesday  evening, 
May  6th,  1908.  The  meeting  was  called  to  order  about  8:25  p.  m.,  with  Presi- 
dent Loweth  in  the  Chair  and  about  70  members  and  guests  present. 

The  minutes  of  the  meetings  of  the  Society  held  April  1st  and  15th,  were 
read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction  the  election  into  mem- 
bership of  the  following: 

Grade. 

A.  C.  Greaves,  Sturgeon  Bay,  Wis Active 

Henry  H.  Decker,  Winona,  Minn Active 

Charles  W.  Naylor,  Chicago Active 

Also  that  the  following  had  applied  for  membership : 

Fred  K_  Boomhower,  Chicago. 

Henry  F.  Gaston,  Chicago. 

Lewis  M.  Martin,  Watertown,  Wis.    (Transfer). 

F.  E.  Hermanns,  Tientsin,  China.    (Transfer). 

T.  W.  Phillips,  Lewiston,  Cal. 

Rudolph  S.  Blome,  Chicago. 

The  Secretary  announced  a  change  in  the  program  of  meetings ;  namely, 
that  at  the  next  meeting  of  the  Society,  to  be  held  about  May  20th,  Dr.  P.  H. 
Dudley,  of  the  New  York  Central  Railroad  Co.,  would  address  the  Society  on 
"Steel  Rails  for  present  service;  their  manufacture  and  failure." 

Mr.  W.  L.  Abbott  presented  a  resolution  as  follows : 

"Whereas,  The  members  of  the  Western  Society  of  Engineers  realize 
the  great  injury  done  the  natural  resources  of  the  country  by  the  wasteful 
methods  often  employed  in  their  development,  and 

Whereas,  The  President  of  the  United  States  is  calling  the  attention  of 
the  country  to  the  fact  that  such  unnecessary  waste  should,  in  the  interest 
of  present  and  future  generations,  be  stopped,  and  to  this  end  has  called 
a  conference  of  Governors  of  Sates,  Members  of  Congress,  representa- 
tives of  engineering  societies,  and  others,  to  consider  what  steps  should  be 
taken  for  the  better  conservation  of  our  natural  resources,  be  it 

Resolved,  That  the  Western  Society  of  Engineers  does  heartily  approve 
of  the  purpose  of  this  conference,  and  trusts  that  its  deliberations  will 
suggest  ways  to  secure  the  development  of  our  natural  resources  without 
the  great  waste  which  has  been  incident  to  their  exploitation. 

Resolved,  That  copies  of  these  resolutions  be  sent  to  the  President  of 
the  United  States,  to  the  Senators  and  Representatives  in  Congress  from 
the  State  of  Illinois,  to  the  Governor  of  this  State  and  his  special  advisers." 
This  was  duly  seconded  and  acrried. 

Mr.  R.  IT.  Kuss,  on  behalf  of  Mr.  John  W.  Alvord  (who  could  not  be 
present)  -presented  the  following  resolution: 

"Whereas,  The  growing  importance  of  the  streams  of  the  United 
States  in  relation  to  navigation,  irrigation,  water  supply  and  water  power, 
renders  it  of  the  highest  importance  that  all  of  their  physical  character- 
istics be  ascertained  and  recorded  in  a  iniform  manner  by  a  central  au- 
thority, such  as  the  Geological  Survey  of  the  United  States  Government, 
and, 

Whereas,  The  work  of  this  bureau  has  been  curtailed  by  insufficient 
appropriations,  to  the  great  detriment  of  the  public  interests,  under  the 
•mistaken  notion  that  it  served  private  interests  merely,  and, 
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Whereas,  The  proper  study  of  the  disastrous  results  of  deforestation, 
and  the  value  of  careful  regulation  as  affecting  the  values  of  nur  rivers 
for  navigation,  irrigation,  water  supply  and  water  power  can  only  be  un- 
dertaken intelligently  by  the  aid  of  carefully  collected  data  of  stream  flow  ; 
and,  further,  that  the  engineering;  financial  and  economic  measures  which 
must  be  undertaken  to  derive  the  full  value  of  our  streams  can  only  be 
properly  based  upon  exact  knowledge  of  such  run-off  data  properly  se- 
cured, and, 

Whereas,  A  bill  known  as  House  Bill  No.  6122,  was  introduced  Dec. 
9th,  1907,  to  provide  for  this  important  work,  and  is  now  before  Congress. 
Therefore,  be  it 

Resolved,  That  the  Western  Society  of  Engineers  believes  that  this  is  a 
Federal  undertaking  of  the  highest  importance,  which  cannot  be  properly 
left  to  other  authority.  That  much  valuable  information  has  already  been 
collected  by  the  Government,  and  recorded  by  it  in  its  Water  Supply  and 
Irrigation  Papers,  which  would  have  been  lost  to  general  use  if  left  to 
State  or  private  development,  and  that  the  cessation  in  the  collection  of 
this  important  data  is  a  grave  mistake,  which  should  be  not  only  retcified 
at  the  earliest  possible  moment,  but  the  work  further  enlarged  and  ex- 
tended, and,  be  it  further 

Resolved,  That  the  Society. earnestly  recommends  to  Congress  the  adop- 
tion of  House  Bill  6122,  or  suitable  legislation  of  a  similar  character,  and 
that  copies  of  this  resolution  be  forwarded  to  Members  of  the  Rivers  and 
Harbors  Committee,  by  the  Secretary  of  this  Society,  and  that  the.  indi- 
vidual members  of  this  Society  urge  upon  their  respective  Congressmen 
the  propriety  of  the  passage  of  this  or  similar  legislation." 
This  was  duly  seconded  and  carried. 

Prof.  J.  C.  Thorpe,  m.w.s.e.,  of  the  University  of  Illinois,  was  then  in- 
troduced, who  presented  his  paper  on  "Steam  Turbine  Development."  As  the 
paper  had  been  printed  and  sent  out  in  advance  of  the  meeting  it  was  not  read 
in  full,  but  the  author  gave  the  substance  of  it  in  a  talk,  illustrated  with 
numerous  lantern  slides.  Discussion  followed  from  Messrs.  W.  L.  Abbott, 
A.  W.  Moseley,  C.  G.  Y.  King,  Wm.  B.  Jackson,  E.  F.  Smith,  P.  Junkersfeld. 
A.  Bement,  President  Loweth  and  the  author. 

The  meeting  adjourned  at  10:30  p.  m. 

Extra  Meeting,  May  18th,  1908. 

An  extra  meeting  of  the  Society  (No.  635)  was  held  Monday  evening.  }■' 
18th,  1908.  The  meeting  was  called  to  order  about  8:10  p.  m.  with  Past-Presi- 
dent Finley  in  the  Chair,  and  about  75  members  and  guests  present.  There 
being  no  business  to  bring  before  the  Society,  the  Chairman  at  once  intro- 
duced Dr.  P.  H.  Dudley  of  the  New  York  Central  R.  R.  Co.,  who  read  his 
paper  on  "Steel  Rails  for  present  service;  their  manufacture  and  their  fail- 
ures." After  the  reading  of  the  paper  a  considerable  number  of  lantern  slides 
were  shown,  illustrative  of  the  subject,  which  were  explained  and  commented 
upon  by  Dr.  Dudley  as  they  were  shown. 

Remarks  followed  from  Messrs.  R.  W.  Hunt.  W.  H.  Finley,  J.  R.  Budd  and 
the  author. 

The  meeting  adjourned  about  10  p.  m. 

Regular  Meeting,  June  3rd,  1908. 

A  regular  meeting  (No.  636)  was  held  Wednesday  evening,  June  3rd, 
The  meeting  was  called  to  order  about  8:20  p.  m.  with  President  Lo 
in  the  Chair  and  about  45  members  and  guests  present. 

The  minutes  of  the  meetings  of  May  6th  and  18th  were  read  and  ap- 
proved. The  Secretary  reported  from  the  Board  of  Direction,  th<  into 
membership  of  the  following  : 
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Grade. 

Walter  T   Ray,  Pine  Beach,  Va.,  transferred  from  Junior  to Active 

John  H.  McElroy,  Chicago •  •  Active 

William  J.   Crumpton,  Chicago Active 

Fred  K.  Boomhower,  Chicago Active 

Frank  E.  Hermanns,  Tientsin,  China,  transferred  from  Junior  to-  • Active 

Also  that  the  following  had  applied  for  membership : 

Lloyd  E.  Ross,  Chicago. 

Joseph  C.  Worrell,  Janesville,  Wis. 

Mr.  Layfield  offered  a  resolution,  which  was  duly  carried,  that  the  meetings 
of  the  Society  be  discontinued  during  July  and  August,  on  account  of  the  gen- 
erally warm  weather,  and  owing  to  the  expected  changes  in  the  rooms  of  the 
Society  there  would  be  no  meeting  room  those  months. 

President  Loweth  offered  some  remarks  as  to  the  action  of  the  Board  of 
Direction,  in  leasing  increased  space  in  the  Monadnock  Block  for  the  use  of 
the  Society,  stating  that  plans  had  been  prepared  for  the  arrangement  of  rooms 
in  this  increased  space ;  that  this  increase  of  space  is  about  80%  over  what  the 
Society  has  had  for  many  years ;  that  the  meeting  room  would  have  a  capacity 
of  about  60%  more  seats  than  the  old  meeting  room ;  that  the  Library  would 
have  a  considerable  increase  of  capacity  for  books,  etc.,  and  that  it  was  hoped 
and  expected  that  the  changes  would  all  be  made  before  the  first  regular  fall 
meeting  to  be  held  September  2nd,  on  which  occasion  it  was  expected  to  have 
an  address  from  Mr.  H.  von  Schon  of  Detroit,  on  study  of  a  hydro-electric 
plant. 

The  Secretary  distributed  some  slips,  with  an  engraving  showing  the  plan 
of  the  new  quarters. 

There  being  no  further  business  the  President  introduced  Mr.  E.  M.  Grif- 
fith, State  Forester  of  Wisocnsin,  who  addressed  the  meeting  on  "The  Con- 
servation of  the  Forests  and  Water  Powers  of  Wisconsin."  This  was  illus- 
trated by  many  lantern  slide  views. 

Discussion  followed  from  Messrs.  E.  N.  Layfield,  W.  L.  Abbott,  Wm.  B. 
Jackson,  President  Loweth,  and  Mr.  Griffith. 

The  meeting  adjourned  about  10:10  p.  m. 

J.  H.  Warder,  Secretary. 

ELECTRICAL  SECTION. 

Minutes  of  Meeting  of  May  8th,  1908. 

A  regular  meeting,  No.  33,  of  the  Electrical  Setcion  (being  No.  634  of  the 
Society)  was  held  Friday  evening,  May  8th,  1908. 

The  meeting  was  called  to  order  by  Mr.  D.  W.  Roper,  Chairman,  at  8:30 
p.  m.     The  minutes  of  the  meeting  of  April  10th  were  read  and  approved. 

There  being  no  further  business  before  the  Setcion,  the  Chairman  intro- 
duced Mr.  F.  R.  Babcock,  who  addressed  the  meeting  on  "The  Electrical 
Equipment  of  Steam  and  Gasoline  Automobiles."  Some  interesting  apparatus 
was  exhibited  in  illustration  of  the  paper. 

A  conversational  discussion  followed  from  Messrs.  Ernest  Lunn,  E.  F. 
Smith,  G.  H.  Bentley,  Edwin  Smythe,  C.  K.  Baldwin,  the  Chairman  (Mr. 
Roper),  and  Mr.  Babcock,  the  author  of  the  paper. 

The  meeting  adjourned  at  9:45  p.  m. 

J.  H.  Warder,  Secretary. 
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Earthwork  Computation — Methodes.  By  C.  W.  Crockett,  Professor  of  Math- 
ematics and  Astronomy,  Rensselaer  Polytechnic  Institute,     ist  edition;  pp. 
114;  97  figures.    Cloth.    $1.50  net.     New  York,  John  Wiley  &  Sons.     1908. 
To  the  engineer  accustomed  to  using  without  question  the  method  of  av- 
erage end  areas  in  computing  earthwork  quantities,  an  examination  of  this 
book  is  somewhat  startling.     The  prismoidal  formula,  because  of  the  tedious 
calculations  involved  in  its  application,  is  not  generally  used  unless,  for  special 
reasons,  great  accuracy  is  desired.     At  the  same  time  it  is  recognized  as  the 
only  theoretically  correct  method  of  making  such  computations.     It  is  there- 
fore a  distinct  advance  in  practice  when  a  simple  method  for  applying  this 
formula  is  proposed,  bringing  it  within  the  range  of  practical  computation  for 
ordinary  purposes. 

The  development  of  the  special  method  for  using  the  prismoidal  formula 
appears  to  be  the  most  important  part  of  the  book.  But  there  are  also  chap- 
ters on  the  average  end  area  method  with  an  outline  of  corrections  to  be  ap- 
plied to  a  volume  computed  by  this  method  in  order  to  secure  the  same  ac- 
curacy as  with  the  prismoidal  formula.  Other  chapters  deal  with  correction 
for  curvature  in  railroad  work,  and  with  an  explanation  of  the  construction 
and  use  of  the  Crockett  Volume  Slide  Rule. 

It  may  be  well  to  note  that  perhaps  the  greatest  objection  to  the  prismoidal 
formula  is  in  the  labor  involved  in  obtaining  the  area  of  the  mid-section.  The 
■methods  proposed  by  the  author  eliminate  this  labor  to  a  great  extent.  The 
formulas  as  printed  look  complicated,  but  are  apparently  simple  in  application. 
On  the  other  hand,  and  this  is  the  only  criticism  to  be  offered,  this  method  is 
special  to  a  great  degree  and  could  not  be  picked  up  and  used  readily  after  a 
long  period  of  disuse. 

The  book  is  well  printed  and  the  figures  are  clear  and  illustrate  well  the 
points  involved.  J.  E.  M. 

The  Blast  Furnace  and  the  Manufacture  of  Pig  Iron  :  By  Robert  For- 
sythe.  New  York.  1908.  David  Williams  Co.  9%  by  6%  ins.  Cloth 
bound.  368  pp.  including  index.  Over  50  illustrations  and  many  tables. 
Price  $3.00. 

"An  Elementary  Treatise  for  the  use  of  the  Metallurgical  Student  and  the 
Furnaceman"  is  the  subtitle  for  the  book,  which  on  examination  seems  to  be 
a  very  modest  statement  of  the  case.  The  first  20  pages  is  Introductory  mat- 
ter relating  to  the  classification,  constitution,  and  physical  properties  of  cast 
iron. 

This  is  followed  by  Chap.  I  on  "Materials  of  Manufacture"  as  ores  (and  the 
preparation  of  the  same),  fuel  and  fluxes.  Description  of  plant  is  detailed 
in  Chap.  II  as  the  furnace,  stoves,  cast  house,  boiler  plant  and  blowing 
engines.  Chap.  Ill  describes  the  operation  of  the  furnace  as  "Blowing  In" 
and  handling  products,  while  Chap.  IV  gives  the  "Burdening  of  the  Furnace," 
and  concerns  the  slag,  control  of  hearth  temperature,  and  the  theoretical  and 
empirical  phase  of  the  burdening.  The  action  within  the  furnace  is  con- 
sidered in  Chap.  V,  as  the  descending  current  of  solids  and  ascending  current 
of  gases,  with  the  interactions  of  these  currents;  chemical  reactions;  heat 
development  in  the  furnace,  and  heat  requirements,  etc.  A  very  -erious 
matter  to  the  Furnacemaster — "Furnace  Irregularities" — is  the  subject  of 
Chap.  VI.  while  hints  on  design  and  equipment  are  treated  of  in  Chap.  VII. 

Following  these  comes  the  "Supplement,"  pertaining  to  cast  iron  in  its 
varieties  and  uses,  and  Appendix  I,  relating  to  "Some  Principles  of  Chemis- 
try and  Physics,"  is  a  valuable  and  suitable  chapter  for  the  conclusion  of  the 
book.  The  work  is  an  admirable  one  and  contains  much  information  that  has 
only  recently  been  available  except  by  prolonged  search  through  the  technical 
press   and    the   publications    of   the   mining   and    metallurgical    societies.     Of 
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course  there  are  some  few  eminent  men  among  the  managers  of  blast  furnaces^ 
who  after  years  of  practical  operation  of  their  properties  know  what  is  con- 
tained in  this  book,  but  there  is  much  here  that  will  be  found  instructive  to 
students  and  to  the  younger  men  engaged  in  and  about  the  blast  furnace.  An 
admirable  feature  in  this  publication  is  marginal  references  as  to  the  source 
or  authority  for  statements  in  the  text,  as  the  "Iron  Age/'  "Trans.  American 
Institute  of  Mining  Engineers,"  "Iron  Trade  Review,"  Iron  and  Steel  Insti- 
tute," "American  Society  of  Testing  Materials,"  "Engineering  News,"  "Engi- 
neering and  Mining  Journal,"  etc.  As  blast  furnace  operations  are  essentially 
chemical,  the  chemistry  of  the  operation  is  well  set  forth  with  the  neecssary 
calculations  for  a  complete  understanding  of  the  "reason  why"  of  the  pro- 
cesses followed,  especially  when  changing  the  raw  material. 

Stationary  Steam  Engines,  by  William  H.  Fowler,  Wh.  Sc,  M.  Inst.  C.  E.r 

M.  Inst.  Mech.  E.,  M.  Iron  &  Steel  Inst.,  &c.     Scientific  Pub.  Co.,  Manches- 
ter, England,  Cloth  7*A  x  10,  pp.  295,  12s,  6d. 

The  author's  stated  purpose  in  compiling  this  book  "is  in  the  main  a  re- 
production with  emendation  of  articles  which  have  appeared  at  various  time* 
in  the  columns  of  the  Mechanical  Engineer,  and  which  at  the  suggestion  of  a 
number  of  readers  have  been  revised  and  collected  for  greater  convenience  of 
reference." 

A  brief  introduction  relates  the  history  of  the  development  of  the  steam 
engine,  and  points  out  the  fact  that  the  inventions  of  James  Watt  embodied 
practically  all  of  the  main  principles  common  to  modern  engines,  and  that  the 
improvements  during  the  last  century  have  been  in  the  nature  of  mechanical 
refinements  and  the  carrying  out  of  the  fundamental  principles  to  a  higher 
degree. 

The  book  is  well  printed  in  large  type  and  contains  over  300  illustrations, 
showing  carefully  selected  examples  of  current  practice,  with  working  draw- 
ings of  various  designs,  and  a  considerable  number  of  curves  and  diagrams. 
All  questions  are  treated  from  a  strictly  practical  view  point  in  a  clear  and 
concise  manner,  and  are  illustrated  with  typical  examples,  free  from  compli- 
cated mathematical  expressions  or  difficult  technicalities. 

<!:ffercnt  types  of  engines  and  the  general  principles  of  their  design 
with  regard  to  maintenance  and  operating  efficiency  are  reviewed  in  connection 
with  sufficient  theory  to  interestingly  disclose  the  underlying  principles.  Typi- 
cal indicator  d:agrams  and  expansion  curves  are  shown  together  with  tihles 
giving  mean  effective  pressures  under. various  conditions,  and  also  tables  giving 
the  number  of  expansions  for  various  cutoffs,  all  in  a  form  easily  understood. 

Characteristic  curves  disclosing  the  water  consumption  under  various  con- 
ditions of  load,  super-heat,  etc.,  are  shown  for  different  types  of  engines.  The 
various  factors  governing  the  steam  consumption  are  discussed  and  records  of 
various  engine  tests  are  printed. 

The  practical  considerations  entering  into  the  design  of  the  various  parts 
of  an  engine  are  thoroughly  considered  and  illustrated  by  numerous  working 
drawings.  The  author  not  only  states  the  characteristics  of  good  design,  but 
also  points  out  various  features  to  be  avoided. 

A  large  number  of  drawings  and  photographs  illustrate  types  of  both  slow 
speed  and  high  speed  engines.  The  examples  are  drawn  largely  from  types 
manufactured  in  England  and  on  the  continent,  but  include  several  typical 
American  designs. 

Considerable  attention  is  given  to  discussion  of  different  styles  of  valve  and 
valve  gears  with  numerous  well  selected  illustrations. 

The  characteristic  features  of  slow  and  high  speed  engines  are  presented 
and  conclusions  drawn,  showing  the  relative  advantages  of  each  type,  and  their 
spheres  of  usefulness.  The  advantages  of  governing  either  by  throttling  or 
cutoff  are  plainly  set  forth  with  a  view  to  showing  the  relative  advantages 
and  adaptability  of  the  two  methods. 

Illustrations  of  the  various  types  of  governors  are  shown  and  their  opera- 
tion explained. 
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The  construction  and  design  of  fly  wheels  are  taken  up  and  illustrated  by 
means  of  an  extended  example  showing  the  practical  design  of  a  fly  wheel  to 
meet  an  assumed  condition. 

A  chapter  is  devoted  to  lubricating  arrangement-,  and  the  ordinary  gravity 
:n,  the  splash  system  and  the  force  system  are  quite  fully  taken  up,  to- 
gether with  drawings  showing  the  different  methods  of  applying  each  system, 
though  no  consideration  is  given  to  any  central  distributing  system.     The  im- 
portance of  good  lubrication  is  well  set  forth. 

The  jet  and  surface  condenser  systems  are  discussed  in  some  detail,  and 
illustrated  by  several  drawing-. 

The  author's  general  plan  is  to  illustrate  and  describe  typical  examples  of 
steam  engines,  print  out  their  chief  characteristics,  and  discuss  in  general  the 
special  adaptability  of  the  various  kinds  and  types. 

This  w<  rk  will  prove  interesting  reading  to  anyone  desirious  of  obtaining 
a  more  or  less  elementary  knowledge  of  steam  engines  and  condens< 

\V.  J.  C. 

Railway  Shop  up  to  Date.  A  reference  book  of  American  Railway  Shop 
Practice,  by  the  Editorial  Staff  of  the  Railway  Master  .Mechanic.  Cran- 
dall  Publishing  Co.,  Chicago,  1907.  9  by  12  in.;  cloth  bound;  243  pp.  includ- 
ing index;  107  full  page  line  engravings  and  12  full  page  half-tone  illustra- 
tions. 

The  railway  official,  or  designer,  having  under  consideration  plans  for 
remodeling  an  existing  shop  plan;,  or  the  building  and  equipping  of  a  new- 
shop,  seldom  undertakes  the  work  without  lirst  making  a  study  of  successful 
shops  already  in  operation  to  find  what  is  best  in  design,  construction  and 
equipment.  A  large  amount  of  matter  descriptive  of  many  of  the  more 
modern  shops  has  appeared  in  the  technical  press  in  late  years,  but  to  the  one 
seeking  information  it  would  prove  an  almost  endless  task  to  sift  it  all  and 
find  the  particular  data  which  would  be  of  use.  The  Editorial  Staff  of  the 
"Railway  Master  Mechanic,"  under  the  direction  of  Mr.  Maham  H.  Haig, 
Managing  Editor,  has  undertaken  this  task  with  admirable  success  and  through 
the  co-operation  of  the  railway  officials  of  this  country,  is  able  to  present  a 
work  which  is  a  compilation  of  what  is  found  to  exist  as  the  best  in  railroad 
shop  practice,  design  and  equipment,  without  attempting  to  theorize  on  ideal 
conditions.  The  Editor  divides  the  work  of  240  pages  into  eleven  chapters, 
though  through  an  error  in  the  numbering  omits  Chapter  VII. 

Chapter  I  is  introductory  and  Chapter  II  deaJs  with  the  Layout.  It  is  not 
attempted  to  lay  down  any  fixed  or  established  rule  for  the  grouping  of  the 
buildings  as  it  is  conceded  that  every  shop  arrangement  must  be  influenced 
by  size,  shape  and  topography  of  the  available  land  or,  in  the  case  of  remod- 
eling the  old  shops,  the  use  of  the  present  layout  and  the  conditions  of  the  plant 
must  be  considered.  Particular  attention  is  paid  to  the  transfer  table  and  the 
grouping  of  the  buildings  for  service  with  this  equipment.  The  variety  of 
opinion  which  exists  as  to  the  best  use  of  the  transfer  table  is  well  shown  by 
the  plans  of  several  of  the  more  modern  layouts  which  are  given  at  the  end 
of  the  chapter. 

Chapter  III  takes  up  the  Locomotive  shop.  Careful  consideration  is  given 
to  the  design  of  the  buildings  with  reference  to  the  class  of  work  to  be  handled 
and  examples  are  given  of  shops  for  general  and  heavy  repairs  as  well  as  those 
for  the  building  of  complete  locomotives.  Lists  of  tools  in  use  in  several 
representative  shops  and  cross  sections,  elevations  and  plans  of  a  number  oi 
buildings  selected  as  distinctive  types  of  modern  shop  design  are  included. 

Chapter  IV  deals  with  the  Blacksmith  Shop  and  discusses  very  thoroughly 
the  location,  size  and  equipment  of  the  building,  The  chapter  concludes  with 
a  li-t  of  tools  in  use  in  a  few  shops  and  sections  and  plans  of  representative 
bv.i'dirgs. 

Charters   V   ?nd    VI    take   mi  the   Freight   Car   an  1    Passi  1  li   and 

Paint  Shops.     The  proper  lighting  and  heating  of  the  paint  shop  :s  empha- 
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sized  and  numerous  elevations,  sections  and  plans  showing  details  of  construc- 
tion of  buildings  with  particular  reference  to  these  features  are  shown. 

The  Planing  Mill  is  considered  in  Chapter  VIII  and  very  complete  lists  of 
the  woodworking  machinery  in  use  in  a  number  of  the  more  modern  shops, 
together  with  plans  showing  the  arrangement  of  the  equipment,  are  included. 
"  Chapter  IX  is  devoted  to  the  Foundry.  Until  very  recent  years  a  foundry 
was  not  considered  a  necessary  part  of  a  railway  shop  plant,  but  since  1902  a 
number  of  the  larger  shops  built  have  included  this  equipment  and  nearly  all 
of  the  shops  now  under  construction,  or  contemplated,  have  made  provision  for 
a  foundrv.     Plans  and  sections  of  a  number  of  typical  buildings  are  shown. 

Chapter  X  deals  with  the  Power  Plant.  Until  about  fifteen  years  ago  the 
general  practice  was  to  locate  the  power  plants  as  an  annex  to  the  principal 
shop  buildings  in  such  a  manner  that  the  engines  could  drive  long  line  shafts. 
The  introduction  of  electrical  equipment  has  completely  changed  these  condi- 
tions and  the  modern  power  plant  now  consists  of  a  single  building  in  which 
is  generated  electrical  power  for  the  entire  shop  plant.  The  various  systems 
of  fuel  and  ash  handling  in  use  in  a  number  of  the  newer  plants  are  also  con- 
sidered. The  chapter  is  followed  by  a  number  of  pages  of  cross  sections,  ele- 
vations and  plans  of  many  of  the  newer  plants  as  well  as  several  diagrams 
showing  the  arrangement  for  distribution  of  electrical  energy. 

Chapter  XI  considers  the  Storehouse.  Modern  practice  has  been  to  estab- 
lish a  general  base  of  supplies  for  an  entire  system  at  the  main  shop  plant. 
This  requires  a  careful  loaction  of  the  storehouse  and  yards  so  that  rapid 
distribution  of  material  can  be  made,  either  to  the  shop  buildings  or  for  ship- 
ment to  sub-stores.  A  number  of  plans  and  elevations  of  some  of  the  newer 
buildings  and  numerous  photographs  of  interior  arrangements,  equiped  for 
the  handling  of  material  and  the  disposition  of  material  in  storage  yards  are 
included  at  the  close  of  the  chapter. 

Chapter  XII  is  devoted  to  the  Roundhouse,  with  its  necessary  adjuncts,  the 
water  and  coaling  station.  The  editor  recognizes  the  difference  of  opinion 
which  exists  among  officers  and  designers  as  to  the  most  efficient  type  of 
roundhouse,  as  well  as  to  the  arrangement  of  the  terminal  yards,  and  he  does 
not  attempt  to  point  out  the  particular  advantage  of  any  type  of  building  or 
of  any  yard  arrangement,  over  another,  but  at  the  end  of  the  chapter  he  pre- 
sents a  number  of  plans  of  buildings  and  yard  layouts  which  are  considered 
as  representative  of  modern  practice.  The  drop  pit,  cinder  pit  and  washing 
out  systems  in  use  by  the  different  roads  are  discussed  and  shown  in  detail 
by  drawings  and  a  number  of  sections  and  elevations  of  a  few  of  the  many 
coaling  devices  are  given. 

The  work  also  includes  a  very  complete  list  of  "References  to  Articles 
Descriptive  of  Railway  Shops"  arranged  alphabetically  according  to  the  rail- 
road systems,  from  the  years  i8qq  to  the  present  and  a  list  of  "References  to 
General  Articles  ConcerningRailway  Shops"  which  have  appeared  in  the 
technical  press  and  in  the  proceedings  of  the  engineering  societies  during  the 
past  six  years.  W.  A.  H. 

Vest- Pocket  Handbook  of  Mathematics  for  Engineers  ;  by  L.  A.  Water- 
bury,  C.  E.,  University  of  Arizona.  John  Wiley  &  Sons,  New  York;  1908. 
Leather  bound.     Price  $1.00. 

This  is  a  handy  little  book  for  the  pocket;  size  2^4  by  5J/2  ins.,  and  of 
about  100  pages.  It  is  divided  into  seven  sections  by  a  cut-in  marginal  index, 
headed :  Algebra,  Trigonometry,  Analytical  Geometry,  Differential  Calculus, 
Integral  Calculus,  Theoretical  Mechanics,  and  Mechanics  of  Materials. 

The  few  pages  allowed  to  Algebra  give  condensed  formulas  and  solutions 
in  Exponents  and  Logarithms,  Quadratic  Equations,  Proportion,  Progression, 
Series,  etc.,  for  the  refreshment  of  the  memory. 

Trigonometry  takes  up  about  six  pages  in  presenting  mathematical  expres- 
sions for  the  trigonometrical  functions  and  their  interrelations;  phases  of 
plane  and  spherical  triangles,  are  presented  by  mathematical  expressions  and 
equations. 
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Analytical  Geometry  begins  with  the  transformation  of  Coordinates,  con- 
siders the  equation  of  the  straight  line  and  the  circle,  gives  the  expression  for 
the  Parabola,  the  Ellipse,  the   Hyperbola,  the  Cycloid,  the  Spiral  of  various 
forms,  and  the  Catenary,  and  follows  with  the  mathematical  expressions 
various  solids  of  revolution. 

The  subject  of  Differential  and  Integral  Calculus  occupy  sixteen  pages  of 
expressions  and  equations  for  handy  use. 

The  book  concludes  with  52  pages  given  to  Theoretical  Mechanics  and  Me- 
chanics of  Materials.  This  includes  Notation,  Statics.  Center  of  Gravity. 
Moment  of  Inertia,  Radius  of  Gyration  and  Dynamics,  with  diagrams  to  ex- 
plain the  condensed  equations.  Various  tables  much  condensed  are  introduced 
in  Mechanics  of  Materials,  with  other  diagrams  to  illustrate  equations  per- 
taining to  the  subject,  including  stresses,  formula  for  loaded  beams  of  various 
kinds,  etc. 

A  good  index  of  three  pages  concludes  this  little  handbook,  which  is  not  a 
treatise,  but  is  a  condensation  of  much  matter  to  be  found  in  the  usual  engi- 
neering text-books,  and  all  put  in  such  form  as  to  be  readily  referred  to  by 
one  who  may  have  forgotten  the  mathematical  expression  needed  to  solve 
some  question  that  may  come  up  in  practice. 

The  book  impresses  the  reviewer  as  being  a  very  handy  one  to  have  in  one's 
pocket  or  on  one's  desk  for  ready  reference.  W. 

Useful  Information  for  Practical  Men  ;  compiled  for  E.  I.  Du  Pont  de 
Xemours  Powder  Co.,  Wilmington,  Del.,  1908.  4^  by  6}i  ins.,  216  pages. 
Leather  bound.     Price  $1.00. 

This  book  is  very  much  of  the  same  class  as  the  earlier  books  issued  by  the 
larger  steel  works,  engine  builders,  etc..  containing  much  valuable  information, 
but  primarily  intended  to  advertise  the  articles  manufactured  and  for  sale  by 
the  Company  who  issues  it. 

The  book  contains  the  usual  and  always  convenient  tables  of  Weights, 
Measures,  Mensuration,  Specific  Gravity.  Temperature.  Trigonometrical  Func- 
tions, etc.  Chapters  on  Rock  Drilling  and  Rock  Crushing  Machinery  follow, 
with  others  on  Earthwork,  Cement,  Mortar  and  Concrete,  Masonry  and 
Bricks;  also,  on  Boilers,  Pumps,  Fans  and  Blowers,  Hoisting  Engines,  Light 
Railways,  Locomotives,  Iron  and  Steel,  with  tables  of  Weights  of  Sections, 
and  Pipes,  Wire,  Rope  and  Chains  for  transmission,  etc..  followed  with  a  sec- 
tion on  Belting,  Wood,  with  the  strength  of  Beams,  and  with  another  section 
on  Roofs,  Covering,  etc.  Some  ten  pages  give  good  information  on  "First 
Aid  to  the  Injured''  from  various  causes.  Then,  of  more  especial  interest  to 
possible  users  of  explosives,  is  a  section  describing  various  explosives;  the  use 
and  the  precautions  to  be  observed  when  using  them.  Also,  when  and  how 
explosives  may  be  used  to  advantage,  the  care  of  dynamite  and  black  powder 
and  precautions  as  to  their  use.  A  useful  addition  is  a  pocket  inside  the  back 
cover  and  the  introduction  of  a  neat  little  note  book  of  4.8  pages  made  up  of 
cross-section  paper  for  the  use  of  the  owner  in  writing  down  his  own  notes, 
memorandums,  etc.,  such  as  the  owner  of  such  a  book  might  wish  to  preserve 
for  future  reference. 

To  one  engaged  in  general  construction  work,  quarry  work,  mining,  etc., 
such  a  handy  little  volume,  with  all  that  it  contains,  should  be  of  considerable 
value,  though  it  is  not  intended  to  take  the  place  of  Trautwine,  Haswell  or 
Kent.     It  is  well  worth  the  price.  V\  . 

Design  of  Typical  Steel  Railway  Bridges.     By  W.  Chase  Thomson, 

Engr.,  Dominion  Bridge  Co.,  Ltd.,  Montreal.    8  vo. ;  C4  by  9%  ins.;  pp. 

17S;  21   figures;  cloth.     Price  $2.00.     Xew  York.   Engineering  Xews   Pub. 

Co.,  1908. 

This  book  is  published  as  "An  Elementary  Course  for  Engineering  Stu- 
dents and  Draftsmen"  and.  like  a  previous  work  by  the  author  under  the  title; 
"Bridge  and  Structural  Design"  was  developed  from  a  given 
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by  him  under  the  auspices  of  The  Dominion  Bridge  Co.  Its  purpose  is  to 
illustrate,  by  actual  process,  the  steps  and  methods  used  in  the  complete  design 
of  some  of'the  common  types  of  railway  bridges. 

Six  oi  these  types  are  treated  of  in  the  order  as  named  : 

A  60  ft.  Deck  plate  girder  span. 

A  100  ft.  Deck  Warren  girder  span. 

A  i^o  ft.  Through  Pratt  truss  span. 

A  200  ft.  Through  Pratt  truss  span  with  curved  top  chord. 

A   170  ft.   swing  bridge. 

A  railway  viaduct. 

All  of  these  are  riveted  structures. 

The  introductory  chapter  is  devoted  to  extracts  from  the  "Dominion  Gov- 
ernment specifications  of  1901  for  steel  railway  bridges,"  which  are  used  mainly 
throughout  the  work,  and  to  a  brief  discussion  of  some  of  the  provisions 
therein,  notably  those  for  impact  stresses.  It  also  describes  the  method  of 
constructing  the  moment  diagram  which  is  made  use  of  very  largely  in  the 
determination  of  wheel  load  stresses. 

A  chapter  is  given  to  each  of  the  structures  above  mentioned,  in  which 
the  stresses  of  various  kinds  are  determined.  The  members  are  proportioned 
and  the  details  worked  out  to  conform  to  the  specifications;  all  in  a  concise,  yet 
clear  and  comprehensive  manner.  An  excellent  feature  in  connection  with  the 
discussion  of  each  structure  is  the  detailed  estimate  of. the  weights  of  the 
members  composing  it,  "showing  the  methods  of  making  these  estimates  in 
the  office. 

The  design  of  the  swing  bridge  includes  that  of  the  turning  and  end  lift 
machinery  and  also  the  calculations  for  deflection  and  camber. 

The  author  devotes  a  short  chapter  to  the  mention  and  description  of  addi- 
tional types  of  bridges,  not  treated  in  detail.  It  is  to  be  regretted  that,  of  these, 
a  pin  connected  span  of  medium  length  was  not  included  among  those  whose 
design  is  worked  out  in  full. 

The  last  chapter  is  a  discussion  of  the  very  live  subject  with  bridge  de- 
signers at  present :  "The  latticing  of  compression  members."  While  the  treat- 
ment given  this  subject  is  of  great  interest  and  timely  in  itself,  it  would 
seem  to  the  reviewer  to  be  hardly  within  the  scope  of  this  book  and,  in  his 
opinion  the  space  taken  by  it  might  with  more  general  value,  have  been  devoted 
to  the  consideration  of  the  pin  span  alluded  to  above. 

The  book  presupposes  a  familiarity  with  the  fundamentals  of  statics  and 
structural  mechanics.  It  will  be  found  of  especial  value  to  the  young  bridge 
draught -man  and  designer  of  limited  practical  experience.  It  should  not  be 
accepted  by  him,  however,  as  an  exponent  infallible  of  the  best  practice  in 
bridge  design  in  this  country,  inasmuch  as  some  of  the  designs  worked  out 
contain  features  which  would  not  be  used  in  R.  R.  bridges  by  our  leading  bridge 
engineers.     As  for  example  the  i%  metal  in  stiffeners,  laterals,  etc. 

H.  M.  M. 

The  Metallurgy  of  Iron  and  Steel,  by  Bradley  Stoughton,  Ph.  B.,  B.  S., 
School  of  Mines,  Columbia  University,  New  York.  Published  by  the  Hill 
Pub.  Co.,  New  York.  1908.  Cloth,  6  by  9T/2  ins.,  509  pages,  including  a 
full  index  of  19  pages  and  with  311  illustrations,  line  and  half-tone  en- 
gravings through  the  text.     Price  $3.00. 

Thi-  book  is  full  of  illustrations,  contains  many  tables,  and  the  chemical 
expressions  indicating  the  changes  that  have  taken  place  are  introduced 
through  the  text  to  render  more  clear  the  reactions  that  are  described.  The 
text  is  generally  easy  reading  and  full  of  interest  to  those  at  all  conversant  with 
the  Iron  and  Steel  Industry.  It  will  recall  the  various  operations  the  reader 
may  have  seen  at  one  or  another  iron  works  that  has  been  visited.  It  is  a  book 
also  for  the  student  as  it  will  give  him  a  generally  comprehensive  knowledge 
of  the  various  branches  of  manufacture  of  iron  and  steel.     Yet  as  is  to  be 
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expected  in  the  first  edition  of  a  new  work,  there  are  some  errors  to  be  elimi- 
nated in  subsequent  editions,  and  which  should  be  pointed  out  to  the  student. 

The  book  as  a  modern  publication  is  now  much  more  valuable  than  the 
one-time  classic  work  of  John  Percy  of  over  forty  years  ago.  The  treatise 
is  not  sufficiently  exact  and  detailed  to  be  of  much  value  to  a  working  metal- 
lurgical engineer,  but  to  engineers  in  general  practice  the  book  will  give  a  fairly 
good  general  knowledge  of  the  various  processes  in  the  manufacture  oi  the 
differet  grades  and  varieties  of  iron  and  steel.  The  account  of  tin-  Ih-hiiut 
process — whether  acid  or  basic — is  good,  though  it  would  have  been  better, 
the  reviewer  thinks,  had  the  fnudamental  principles  of  this  process  been  i 
fully  developed,  giving  the  Zv7i v  of  the  acid  or  basic  process,  with  the  advan- 
tages and  limitations  of  each.  The  former  is  more  general  in  the  United 
States  and  England,  while  the  latter  process  has  been  most  fully  developed 
on  the  continent,  particularly  in  Germany. 

The  subject  of  the  Foundry  with  the  manufacture  of  cast  iron  or  cast  steel 
articles,  the  moulds,  the  melting  and  casting  of  the  metals,  is  good  as  far  as  it 

s,  but  is  not  as  full  and  complete  as  the  works  of  West,  Bolland  and  Keep. 

Of  recent  years  great  advance  has  been  made  in  the  study  of  the  con 
tions  of  iron  and  steel  by  the  aid  of  the  microscope  and  in  this  book  a  - 
general  knowledge  is  given   as  to  the  preparation  and  etching  of  speci: 
for   examination.     The  character  of  the  metal   of  steel  rails,  the  presence  of 
slag  and  blow  holes  is  frequently  investigated  by  a  modification  of  the  a' 
by  preparing  a  cross  section  of  the  rail,  by  reducing  to  a  plane  surface  and 
idling  and  then  etching  the  surface,  which  will  give  in  relief  the  uniformity  (or 
reverse)  of  the  metal.     An  ink  impression  of  this  relief  etching  can  be  taken  on 
paper  which  will  show  clearly  the  presence  of  impurities  or  cavities  in  the  r 
rail. 

The  book  contains  much  more  of  valuable  matter  than  has  been  noted 
preceding,  as  it  is  quite  full  of  information  along  all  the  lines  of  the  metal- 
lurgy of  iron  and  steel,  and  is  a  welcome  addition  to  the  library  of  the  ens:  ■ 
A  very  useful  and  interesting  part  of  the  book  is  the  Bibliography  of  the   - 
ject  printed  at  the  end  of  the  respective   sections,  which  will  aid  one  t 
further  information  on  any  "one  particular  object.     This  feature  is  most 
mendable.  W 

Technological  Dictionary  in  French,  German  and  English.  Edited  hy 
Alexander  Tolhausen.  Ph.  D.  Revised  by  Louis  Tolhausen.  Fifth  Edi- 
tion with  supplements.     The  Macmillan  Company.     Three  volumes,   $2.75 

a  volume. 

For  the  information  of  those  who  are  not  acqua:nted  with  this 
reference  bock  which  has  lately  been  added  to  the  library  of  the  Society  it 
may  be  said  that  it  is  a  dictionary  of  technological  words.  Ereneh,  English  and 
German,   in   which   the   more   common   technical   ten-  - 
languages  are  given  their  equivalents  in  the  other  two  languages.     The 
is  in  three  volumes,  of  approximately  a   thousand  pages  caeTi.  including 
supplements,   volume   one  translating   the   French   into   English   and   German, 
volume  two  the  English  into  German  and  French  and  volume  three  the  I 
man  into  English   and  French.     The   dictionary  treats  of  the  terminolos: 
some  two  hundred  or  more  technological  arts.     The  original  edition  appeared 
in  1877  and  since  then  the  work  has  been  several  times  revised  and! 
so  as  to  keep  it  up  to  date.     Each  volume  of  the  present  edition  has  a  supple- 
ment  of  the   more   recent   terms,   particularly   in    Electricity.   Telegraphy  and 
Telephony. 

It  is  of  course  impossible,  or  next  to  impossible,  to  compile  a  <licti<  •: 
technical  words  and  expressions  which  will  be  complete  and  entirelj 
lory.     The  technological   terminology  of  almost   every   art.   i<   in 
charge  and  of  development  just  as  art    th<    scientific  theories  and  principles 
which  underly  it.     The  immense  increase   within  the  last   few  un- 

title term-  and  of  word*  of  industrial  art  would  make  complel  very 
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close  definition  an  impossibility  within  the  compass  of  three  thousand  pages. 
Neither  one  nor  the  other  has  been  attempted.  As  the  author  states  in  the 
French  preface  to  the  first  edition  the  object  of  the  dictionary  is  to  give  for  the 
principal  technical  words  of  each  of  the  languages  as  wide  a  range  of 
svnonyms  in  the  other  two  languages  as  possible,  leaving  to  the  user  to  select 
the  particular  equivalent  which  best  fits  the  occasion.  This  object  is  admirably 
accomplished  and  within  its  limits  the  dictionary  is  remarkably  full  and  accu- 
rate. For  a  person  who  has  occasion  to  read  or  translate  into  English,  French 
or  German  technical  literature  it  is  indespensible.  P.  H.  T. 

Principles  of  Direct-Current  Electrical  Engineering,  by  James  R.  Barr— 
A.  M.  I.  E.  E.— Whittaker  &  Co.,  London— The  Macmillan  Co..  New  York 
—Cloth— 6  by  9  inches.  VIII.  551  pp..  including  index;  294  illustrations,  in- 
cluding seme*  folding  plates.    Price,  $3.25  net. 

The  author,  in  his  preface,  states  that  his  object  has  been  to  present  a 
text-book  presenting  the  principles  of  electrical  engineering  to  students  who 
have  a  practical  knowledge  of  the  fundamental  principles  of  electrical  physics 
and  mathematics. 

The  first  chapter  in  the  book  .deals  entirely  with  definitions  of  the  funda- 
mental electrical  and  magnetic  units.  Brief  and  concise  definitions  of  the 
different  units  are  given,  and'  frequently  suitable  analogies  and  problems 
are  given,  with  the  object  of  clearly  illustrating  their  applications  in  practical 
work.  In  some  instances  tables  and  curves  are  given,  showing  the  electrical 
and  magnetic  properties  of  certain  materials  as  relating  to  the  particular 
un;t  under  discussion.  Mathematical  explanations  and  proofs  are  given  when 
it  has  appeared  advisable  to  illustrate  the  relation  between  certain  impor- 
tant units.     However,  in  no  case  are  the  mathematics  intricate. 

The  subject  of  electro-magnetism  and  the  magnetization  of  iron  is  dealt 
with  in  a  concise  manner.  The  important  principles  and  laws  are  pre- 
sented sufficiently  in  detail  to  be  applied  to  the  discussion  later  in  the  book 
relating  to  the  design  and  characteristics  of  dynamo-electric  machines.  This 
is  done,  however,  without  going  into  intricate  theories  and  details.  A  brief 
description  of  a  few  of  the  commercial  methods  of  testing  iron  is  given,  with 
instructions  and  problems  sufficient  to  show  their  application. 

A  chapter  is  given  to  the  subject  of  electrical  measurements,  describing 
representative  instruments  of  each  and  a  few  of  the  types  in  commercial 
service.  In  one  or  two  instances  calculations  are  given  of  the  dimensions 
of  the  instruments,  so  as  to  give  an  insight  into  the  methods  of  designing 
for  special  services. 

A  brief  history  is  given  of  the  development  of  the  storage  battery.  The 
elementary  chemical  actions  due  to  charging  and  discharging  are  followed 
through,  and  the  chemical  and  electrical  conditions  before  and  after  charging 
are  carefully  described.  Some  discussion  is  given  to  the  performance^  and 
operating  of  batteries,  together  with  a  description  of  certain  constructional 
details  of  battery  installations. 

Electric  illumination  is  given  a  practical  treatment  in  one  chapter.  The 
different  standards  of  illumination  and  the  different  commercial  types  of 
lamps  are  described  and  illustrated.  Calculations  and  problems  are  given, 
showing  the  practical  methods  of  calculating  the  illumination  and  efficiency 
of  lamps.  A  short  space  is  devoted  to  explaining  the  most  economic  efficiency 
of  different  types  of  lamps  under  specified  conditions. 

The  subject  of  direct-current  transmission  receives  considerable  attention. 
The  requirements  and  specifications  of  transmission  lines  are  mentioned  in 
detail,  and  there  is  a  sufficient  description  of  constructional  details  to  give 
a  fairly  good  idea  of  these  features:  The  author  then  begins  the  description 
of  the  mechanical  and  electrical  details  of  dynamo-electric  machinery.  Calcu- 
lations of  several  machines  are  carried  through,  illustrating  dynamo  design. 
Several  examples  of  machines  for  different  classes  of  service  are  described. 
The  author  emphasizes  the  importance  of  suitable  commutation  devices  for 
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modern  high-speed,  turbo-driven  generators.  Several  methods  of  applying 
these  commutation  devices  are  given.  The  more  important  criteria  of 
dynamo  design,  particularly  that  applied  to  the  design  of  high-speed,  turbo- 
generators, also. 

The  commercial  methods  of  testing  machines  for  characteristic  curves  and 
efficiencies  are  explained  and  described,  with  a  number  of  curves  as  examples 
of  actual  results  obtained.  Methods  of  operating  dynamos  and  motors  are 
described   and  illustrated  with    wiring  diagrams. 

Auxiliary  devices,  such  as  rheostats,  controllers,  switches,  relays,  etc.,  are 
described  as  to  mechanical  and  electrical  details.  Their  requirements  and 
limitations  are  discussed,  and  the  method  of  selection  of  certain  types  for 
special   services  is   explained. 

The  author  has  been  careful  to  give  the  fundamentals  of  electrical  physics, 
which  is  advisable  in  text-books  for  engineering  colleges.  The  frequent  use 
of  practical  problems  is  always  advisable  in  text-books  of  this  character,  to 
insure  a  thorough  understanding  of  the  subjects   under   discussion. 

In  the  earlier  portion  of  the  book  the  author  has  thoroughly  carried  out 
his  idea  of  presenting  and  illustrating  the  principles  of  direct-current  engi- 
neering. In  the  latter  portion  of  the  book  perhaps  the  author  has  put  rather 
too  much  emphasis  upon  the  design  and  testing  of  dynamos,  but  whatever 
there  is  upon  that  subject  is  well  presented  and  complete  enough  for  general 
reference  purposes.  The  general  purpose  of  the  author  has  been  adhered  to 
for  the  most  part,  but  it  would  seem  that  if  a  corresponding  space  had  been 
devoted  to  the  subjects  discussed  previous  to  "Machine  Design  and  Testing," 
the  book  would  have  been  more  representative.  The  subject  of  storage  bat- 
teries is  important  enough  to  require  a  more  thorough  treatment,  as  also  the 
subject  of  underground  conductors.  The  methods  of  designing  an  under- 
ground system  should  have  been  presented  in  more  detail  and  illustrated  with 
calculations  of  feeder  and  main  networks.  Telephony  and  telegraphy  have 
received  no  mention,  possibly  for  the  reason  that  they  were  not  considered  as 
coming  within  the  scope  of  the  title.  Very  little  space  was  devoted  to 
station  or  system  design,  and  practically  no  mention  was  made  of  economic 
conditions  affecting  their  design.  However,  in  general  the  book  is  filled  with 
excellent  information.  What  material  there  is  upon  the  subjects  has  been 
well  presented,  and  the  subjects  are  in  logical  sequence.  The  book  should 
find  a  valuable  place  as  a  college  text-book.  E.  F.  S. 

Reinforced  Concretes.    A  Manual  of  Practice.    By  Ernest  McCullough,  C.  E. 

1908.     Chicago.     Cement   Era   Publishing   Co.     Cloth.   5   by   7^   ins.;    128 

pages;  illustrations  and  tables.     Price  Si.oo. 

This  book  is  in  eight  chapters,  as  follows:  Strength  of  Beams;  Loads  on 
Beams:  Columns:  Walls.  Tanks  and  Footings;  Design  and  Cost;  Forms;  The 
Conduct  of  Work ;   Tools. 

The  first  four  chapters  treat  the  subjects  in  a  theoretical  manner,  giving 
formulas  and  tables  to  be  used  in  design.  The  chapter  on  Design  and 
Cost  is  short  but  contains  valuable  data.  The  remaining  three  chapters  relate 
to  construction  and  contain  much  practical  information  gleaned  from  the 
author's  wide  experience  in  the  field.  In  Design,  the  straight  line  formula  has 
been  used  throughout,  in  order  that  the  book  might  conform  to  the  building 
ordinances  of  the  various  cities  of  the  United  States. 

On  the  whole,  the  book  is  well  worth  the  price  asked  for  it.  as  it  contains 
in  compact  form  a  mass  of  valuable  information  which  it  would  require  years 
of  experience  to  learn.  L.  A.   W 
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STEEL  RAILS  FOR  PRESENT  SERVICE ;  THEIR  MANUFACTURE  AND  THEIR 

FAILURES. 

By  Dr.  P.  H.  Dudley.  N.  Y.  Central  R.  R.  Co. 

Presented  May  18,  igo8 

It  was  a  quarter  of  a  century  last  April  (1908)  since  I  completed 
and  submitted  to  the  New  York  Central  and  Hudson  River  Rail- 
road Company,  the  design  for  the  first  5  in.  80  lb.  steel  rail  for 
service  in  the  United  States.  My  track  inspection  mechanism  had 
been  in  service  four  years  and  as  complete  as  at  present  for  two 
years.  I  had  taken  several  thousand  miles  of  diagrams  of  the  sur- 
face undulations  in  the  track,  with  a  large  number  of  sections  of 
rails  ranging  from  52  to  67  lbs.  per  yard  and  from  33^  to  4.^/2  inches 
in  height.  I  had  made  repeated  inspections  over  the  tracks  of  the 
Philadelphia,  Wilmington  and  Baltimore,  the  Boston  and  Albanv, 
and  the  Xew  York  Central  and  Hudson  River  railroads.  I  had  also 
run  over  the  tracks  of  the  Boston  and  Maine.  Eastern,  Lake  Shore 
and  Michigan  Southern,  Baltimore  and  Potomac,  and  portions  of 
the  Pennsylvania  railroads. 

The  autographic  diagrams  on  a  scale  of  one  inch  in  length  of 
paper  to  fifty  feet  of  track  with  the  surface — vertical — undulations 
full  size,  indicated  the  action  and  behavior  of  the  various  sections 
under  the  wheel  loads  of  the  mechanism  of  all  the  important  foreign 
and  American  brands  of  rails.  The  finish  of  each  was  different,  and 
in  a  short  time  I  could  recognize  the  principal  brands  from  the 
diagrams,  as  we  passed  over  the  track.  The  data  collected  fi  >r 
analysis  and  interpretation  of  facts,  from  the  different  sections  and 
railroads,  included  a  great  range  of  conditions  of  operation  and 
maintenance  and  was  of  more  value  than  could  have  been  obtained 
from  a  single  railroad.  It  soon  become  evident  from  the  diagrams 
and  the  figures  of  the  combined  mechanism  for  summing  the  un- 
dulations into  feet  and  inches  per  mile,  what  the  trackmen  could 
do  with  the  sections  in  the  track  and  quite  as  important  what  were 
their  limitations.  Railroad  officials  expected  at  first  on  those  por- 
tions of  the  track  which  were  found  below  the  standard  desired,  that 
more  labor,  ballast  or  cross-ties  would  correct  the  deficiencies  and 
render  the  entire  track  uniform  per  mile. 
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Repeated  inspections  after  such  improvements  by  labor  and  mate- 
rial, without  change  of  rails,  still  gave  evidence  of  characteristic 
conditions  of  the  steel  per  mile  and  while  the  general  track  was  im- 
proved by  the  higher  standard  of  maintenance,  those  features  per- 
taining to  the  steel  and  sections  were  not  eliminated.  This  was  a 
new  fact  for  consideration  and  elicited  extended  discussion. 

I  recall  reporting  to  a  Railroad  President,  who  was  interested  in 
the  track  inspections  and  investigations,  that  the  instruments  indi- 
cated a  few  miles  of  new  rails  laid  the  preceding  year,  had  minute 
waves  in  the  surface,  but  which  he  considered  hardly  probable.  He 
said,  however,  "if  you  can  prove  that  you  have  interpreted  the  indi- 
cations correctly.  I  will  have  the  rails  replaced."  A  steel  straight 
edge  confirmed  the  character  of  the  indications,  and  it  was  neces- 
sary only  to  make  plaster  casts  of  the  surface  of  portions  of  a 
few  rails,  which  he  could  have  in  his  office  for  examination,  to  con- 
vince him  that  the  interpretations  were  reliable. 

The  rails  were  replaced  by  those  having  a  smoother  finish  with  de- 
cided improvement  in  the  surface  and  riding  of  the  track.  The  early 
steel  sections  out-wore  six  to  ten  of  the»iron  rails  they  replaced  and 
enabled  the  railroad  companies  to  reduce  the  excessive  cost  of 
operation  and  maintenance  incident  to  the  daily  breakage  and  fail- 
ures of  the  iron  rails.  The  cost  per  ton  of  the  steel  rails  contri- 
buted to  the  retention  of  the  limber  sections  in  the  track  which  per- 
mitted the  concentration  of  the  major  portion  of  each  wheel  load  in 
passing  to  every  successive  cross-tie,  the  latter  abrading  and  crush- 
ing under  the  rail  seats. 

The  fishing  depths  of  the  sections  were  low  and  inadequate,  the 
joint  fastenings  inefficient,  and  the  rails  in  a  short  time  acquired 
permanent  sets  in  the  tracks  which  I  classified  under  three  prin- 
cipal forms. 

The  First  Form  was  where  the  joints  were  low  and  the  centers 
high. 

The  Second  Form,  the  joints  and  centers  were  low  and  the  quar- 
ters high. 

The  Third  Form,  the  surface  was  a  series  of  short  waves  called 
"kinkey"  by  the  trackmen. 

There  were  often  combinations  of  the  First  and  Third,  and  of  the 
Second  and  Third.  The  static  wheel  loads  were  augmented  by  the 
wheel  effects — dynamic  shocks — once  or  twice  what  they  should 
have  been,  incident  to  the  low  joints  and  irregular  surface  of  the 
rails  with  a  consequent  high  train  resistance. 

The  driving  wheel  loads  had  increased  but  little  upon  the  light 
steel  rails,  over  the  practice  upon  the  iron  sections.  The  expended 
tractive  effort  had  been  augmented  a  few  per  cent  in  the  American 
8  wheel  locomotives,  but  the  steam  generating  capacity  was  inade- 
quate for  the  essential  requirements  of  through  express  trains. 
Moguls  and  consolidation  locomotives  were  being  used  for  freight 
service  on  lines  with  heavy  gradients. 
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FIG.   I. 

Different  fonns  of  Permanent  sets  in  light  rails. 

The  light  steel  rails  did  not  admit  sufficient  driving  \\  i  n 
combined  with  the  effect  of  the  expended  tractive  efforl  to  permit 
the  progress  in  transportation  that  a  country  of  vasl  extent  of  terri- 
tory required  tor  its  development. 
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It  was  not  alone  weight,  but  augmented  mechanical  properties  of 
a  rail  section  in  the  track  which  would  allow  the  development  de- 
sired. The  road  beds  were  of  ample  strength  to  double  or  treble 
their  tonnage  provided  the  moving  wheel  loads  were  distributed  in 

;sing  to  a  longer  portion  and  greater  area  of  the  road  bed.  The 
stiff er  rails  would  relieve  each  individual  cross-tie  of  as  great  weight 
as  it  received  under  the  lighter  rails  by  distributing  a  greater  per- 
centage in  the  wheel  spacing. 

Railway  officials  riding  in  my  Track  Indicator  Car,  became  con- 
vinced that  the  most  economical  way  to  increase  the  stability  and 
capacity  of  their  tracks  was  to  replace  their  light  and  limber  sec- 
tions with  rails  possessing  greater  mechanical  properties,  of  stiffness 
and  strength. 

Officials  who  did  not  ride  over  their  tracks  in  my  car  were  equally 
as  positive  that  the  increased  cost  of  the  proposed  heavier  section 
would  be  greater  than  the  benefits  to  be  derived.  Good  and  sound 
criticism  is  the  most  valuable  aid  a  worthy  project  can  have.  I 
was  able  to  point  out  the  fallacies  of  each  criticism  to  the  satisfaction 
of  the  New  York  Central  officials  who  would  be  directly  responsible 
for  the  installation  of  the  stiffer  section.  A  5  in.  80  lb.  rail  requir- 
ing only  23  per  cent,  more  of  metal  to  secure  a  gain  of  66  per  cent. 
in  stiffness  and  40  per  cent,  in  strength  over  the  former  65  lb.  rail 
was  a  valuable  and  economical  engineering  structure,  to  increase  the 
stability  and  capacity  of  the  track.  The  most  optimistic  estimates 
of  the  benefits  of  the  stiffer  rails  in  the  track  were  less  than  the  real- 
ized results,  in  the  progress  of  transportations. 

The  5  in.  80  lb.  section  was  rolled  in  April,  1884,  and  laid  in  the 
tracks  the  following  July.  Mr.  J.  D.  Hawks,  Chief  Engineer  of 
the  Michigan  Central  R.  R..  made  a  5  in.  80  lb.  section  which  was 
put  in  service  in  1886.  President  Roberts  of  the  Pennsylvania  Rail- 
road, riding  over  the  5  in.  80  lb.  rail  on  the  New  York  Central  R.  R., 
observed  and  inquired  what  it  was,  and  ordered  his  engineers  to  de- 
sign a  5  in.  85  lb.  section  for  their  service.  The  former  round  topped 
4^2  inch  sections  had  given  the  trackmen  so  much  trouble  in  roll- 
ing out  and  spreading  the  gage,  that  it  required  the  cross-ties  to  be 
adzed  and  the  rails  rolled  in,  each  winter,  and  they  were  positive  that 
the  5  in.  rails  could  not  be  held  in  the  track. 

My  explanations  to  the  supervisors  was,  that  I  had  considered  that 
feature  and  had  made  the  head  broad,  with  a  12  in.  top  radius,  to 
make  the  passing  wheel  treads  hold  the  rails  in  vertical  position,  was 
hardly  credited  until  after  thorough  trial.  When  the  supervisors 
found  that  their  tracks  with  the  broad  topped,  stiff  rails  kept  the 
gage  even  without  braces  on  the  curves,  and  also  remained  in  sur- 
face for  a  longer  time  than  the  former  4J/2  in.  rails,  they  saw  they 
were  being  encouraged  and  aided  in  their  efforts  to  secure  high 
standards  of  track. 

The  stiff  and  stable  track  with  the  5  in.  80  lb.  rails,  enabled  Mr. 
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\Ym.  Buchanan  in  1889  to  design  the  first  too  ton  passenger  loco- 
motive for  service  in  the  railway  world.  It  commenced  to  run  in 
April.  1890.  and  Nov.  30.  [891,  the  "Empire  State  Express"  was 
installed,  the  educator  for  high  speed  trains  for  all  railway  coun- 
tries. The  activity  and  development  of  the  use  of  stiff  sections  of 
rails,  in  the  meantime,  had  been  great,  for  American  railway  officials 
are  quick  to  perceive  and  apply  principles  which  achieve  results 
In  1892  the  first  100-ton  locomotive  started  its  high  speed  runs  on 
the  first  100-lb.  rails. 

The  stiff  sections  of  rails,  as  girders,  have  permitted  a  develop- 
ment of  locomotives  until  those  of  125.  150  and  even  160  tons 
weight,  with  an  equivalent  increase  of  tractive  power  are  common. 
The  freight  car  capacity  also,  has  increased  from  10  to  50  tons,  while 
the  freight  train  load,  according  to  the  topographical  features  of  the 
lines,  has  been  augmented  four  to  six  times  in  tonnage. 


B.  &  A.  R.  R.— 95  lb.  rail  of  o.6o*%  Carbon  and  0.06%  P.h  sphorus.— "Bethle- 
hem." 1891 — 16  years'   service  under  heavy  traffic. 
the  Carbon,  indicated.     A  good   rail. 


The  work  the  metal  must  do  on  the  bearing  surface  to  receive, 
carry  and  then  distribute  the  heavier  wheel  loads  through  the  sec- 
tion to  the  cross-ties,  ballasl  and  mad  bed,  is  of  necessity  greater 
than  occurred  in  the  light  and  limber  sections.  The  bending  mo- 
ments are  greater  but  with  less  deflection  of  the  rails,  cross-ties, 
ballast  and  road  bed.  The  records  of  my  work  in  the  past  show  that 
I  recognized  the  necessity  of  increasing  the  physical  properties  of 
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the  metal,  as  the  mechanical  properties  of  the  sections  were  aug- 
mented, and  from  1890  to  1900  I  made  over  600,000  tons  of  rails 
of  0.60* ,  .  <>r  over,  in  carbon,  according  to  the  section,  the  phosphorus 
being  confined  to  0.06' 0,  or  under. 

The  work  that  I  was  able  to  dc  between  the  dates  mentioned 
when  cup  ila-metal  was  used  for  steel  making  and  care  taken  in 
the  composition,  shows  by  actual  experience  in  the  track,  that  sound 
ingot-  have  been  made  in  which  piping  is  the  least  of  their  defects. 
This  can  be  repeated  in  larger  ingots  with  the  advance  in  metal- 
lurgical knowledge  of  today. 

I  made  95  lb.  high-carbon,  low  phosphorous  rails  from  14  in.  ingots 
at  the  Bethlehem  Steel  Co.'s  Works  for  the  Boston  &  Albany  R.  R. 
in  189]  and  1892.  and  gave  5  to  6  min.  in  the  ladle  for  the  oxidation 
product-  to  escape  from  the  chemical  reactions  of  the  recarburizer. 
The  /$  lb.  rails  for  Dr.  Webb's  Mohawk  and  Malone  railroad  were 
also  made  at  the  same  time.  Those  high-carbon,  low-phosphorous 
rails  were  rolled  while  Mr.  John  Fritz  was  General  Superintendent 
of  the  plant,  for  he  was  the  only  manufacturer  who  admitted  at  that 
time  that  such  rails  could  be  made.  These  were  premium  rails,  and 
the  late  Mr.  William  Bliss,  President  of  the  Boston  &  Albany  R.  R. 
paid  $2  per  ton  additional  for  the  high  grade  of  steel,  and  Dr.  Webb 
also  paid  the  same  premium  for  part  of  his  rails.  Mr.  Bliss  con- 
sidered it  economical  to  secure  as  good  material  in  his  rails  as  pos- 
sible, and  their  services  after  17  years,  most  of  them  being  still  in 
the  track,  has  proven  the  wisdom  of  the  undertaking. 

Prior  to  tins  time  Mr.  Fritz  had  constructed  his  48  in.  blooming- 
train  for  16  in.  and  larger  ingots,  but  it  cracked  the  skin  of  the  ingots 
so  much  more  than  the  former  26  in.  blooming-train,  that  as  I  had 
my  choice  of  which  size  of  ingots  to  use,  I  chose  the  14  in.  ingot. 
which  made  2  lengths  of  30  ft.  rails,  while  the  16  in.  ingots  made  3 
lengths  of  rails. 

The  Boston  &  Albany  rails  were  of  0.60%  in  carbon  and  down  to 
o.o6f,  in  phosphorus,  as  were  also  a  part  of  the  Mohawk  &  Malone 
rails.  The  molten  steel  after  being  recarburized  in  the  converter,  was 
poured  and  remained  in  the  ladle  from  5  to  6  minutes,  to  allow  the 
chemical  reactions  and  oxidation-products  to  escape,  before  teeming 
the  ingot-:  these  were  stripped,  then  thrown  down  in  the  pits  and 
charged  into  horizontal  furnaces  for  equalizing  the  heat  before 
blooming.  The  26  in.,  3-high. blooming-train  of  11  passes  was  used. 
and  the  blooms  were  cropped  until  sound  steel  was  obtained,  then 
chipped  under  the  steam  hammer,  and  again  charged  into  horizontal 
furnaces  for  reheating  and  then  rolled  in  1 1  passes  into  rails.  They 
were  finished  between  950  deg.  C.  and  1,000  deg.  C,  as  nearly  as 
could  be  measured  by  the  Siemens  copper  ball  and  water  pyrometer. 
We  had  not  then  advanced  to  the  scientific  requirements  of  sawing 
the  rails  0.01  in.  shorter  for  each  second  of  time  after  leaving  the 
roll  and  rolling  so  cold  as  to  frequently  damage  the  rail  as  a  girder. 
Rolling  the  rail  cold,  for  wear,  is  one  factor  to  be  considered.,  but 
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this  in  any  case  must  not  exceed  the  safety-factor  as  a  girder.  The 
new  type  of  rail  sections  with  0.5  in.  thickness  of  edge  can  be  rolled 
too  cold  for  safety,  as  had  occurred  in  some  experiments.  The 
Bethlehem  rails,  on  the  Boston  &  Albany  R.  R..  after  16  and  17 
years'  service  on'  heavy  grades  and  >harp  curvatures,  have  lost  onlv 
about  T:s  in.  in  height,  from  the  large  volume  of  traffic  which  has 
passed  over  them.  These  rails  were  not  lettered  to  show  from  which 
part  of  the  ingot  they  came,  but  walking  over  the  track  it  can  be 
readily  seen  which  were  the  rails  from  the  top  of  the  ingots.  The 
fractures  of  these  rails,  both  on  the  Boston  &  Alham  and  the  Mo- 


fig.  3. 

B.  &  A.  R.  R.— 95  lb.  rail,  Bethlehem,  1891.— Failed  Jan.,  1908.  Supported  at 
joint  by  20  in.  angle  bars  of  0.10%  Carbon,  which  wen-  soft  and  wore 
rapidly.  The  rail  head  flattened  and  split  from  insufficient  support,  rather 
than  from  inferior  metal. 
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hawk  &  Malone  railroads  have  been  exceedingly  light  after  so  many 
years  of  service.  They  have  excellent  wearing  properties  and  are 
also  tough  as  girders. 

More  than  600.000  tons  of  rails  of  my  sections  were  rolled  at 
Scranton,  Pa.,  with  carbon  of  0.60%  and  phosphorus  of  0.06%. 
These  were  rolled  from  14  in.  ingots  of  sufficient  length  for  three — 
30  ft.  rails.  Special  efforts  were  made  to  secure  a  composition  which 
would  set  well  in  the  ingots  and  be  free  from  pipes.  The  number 
of  "stickers"  which  were  broken  under  the  drop  were  sufficient  to 
show  the  general  soundness  of  the  ingots. 

DEFECTS   OF   INGOT    STRUCTURE. 

Pipes,  as  shrinkage  cavities  or  from  slag  inclusions  from  the  re- 
carburizer,  or  from  vessel  slag  which  accidentally  gets  into  the  ingot 
molds,  are  well  known  facts,  though  pipes  due  to  shrinkage  cavities 
are  best  known. 

Minute  blow  holes  often  occur  in  the  sides  of  the  ingots  and  fre- 
quently are  numerous  in  the  central  core.  The  latter  are  generally 
surrounded  by  segregated  elements  of  carbon,  phosphorus,  sulphur 
and  silicon. 

The  chemical  composition  should  serve  two  important  functions: 

1st,  to  provide  the  basis  for  the  physical  properties  desired  in  the 
steel. 

2nd,  to  secure  sound  ingots.  This  requires  the  adjustable  feature 
of  the  composition  used  in  making  the  high  carbon  and  low  phos- 
phorous rails. 

The  exhaustion  of  the  low  phosphorous  ores  requires  the  use  of 
phosphorus  at  0.10%  and  the  carbon  for  100  lb.  rails  for  service 
where  the  temperature  falls  to  20  or  30  degrees  below  zero  Fah. 
should  not  exceed  0.45  or  0.50^  .  The  silicon  can  be  from  0.10  to 
0.15%  with  the  manganese  at  about  1%  for  ingots  of  a  length  of 
about  2y2  times  the  width  of  base.  Sound  ingots  can  be  made  by 
holding  the  steel  after  recarburizing  in  the  converter,  2.y2  to  3 
minutes  or  about  the  same  time  in  an  intermediate  ladle  before  teem- 
ing. The  latter  has  been  the  practice  at  the  Illinois  Steel  Co.,  South 
Works,  for  some  years  and  the  benefits  are  well  established.  The 
nozzle  in  the  ladle  should  not  exceed  1  y2  in.  or  at  most  2  in.  in 
diameter,  and  the  metal  be  poured  in  a  solid  stream,  to  avoid  spat- 
tering the  molds,  and  carrying  quantities  of  air  in  with  the  steel. 

The  columnar  structure  in  the  corners  of  the  upper  part  of  the 
ingot  will  entrain  traces  of  slag  and  gas  which  will  appear  as  defects 
in  the  heads  of  the  rails  after  more  or  less  service.  The  upper  part 
of  the  ingot  will  have  a  well  defined  central  core  inside  the  columnar 
structure  of  the  ingot. 

To  study  the  defects  of  ingot  structures  besides  those  due  to 
pipes.  I  commenced  lettering  the  rails  A,  B,  and  C,  as  rolled  from 
the  top,  middle  and  bottom  of  the  ingot  for  the  New  York  Central 
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and  the  Boston  and  Albany  railroad  companies  in  December.  1892,  at 
the  Lackawanna  Iron  &  Steel  Co.'s  plant,  Scranton,  Pa.  The  rails 
contained  o.o6r;  in  phosphorus  and  0.55  to  0.60%  in  carbon  for 
80  lb.  rails  and  0.60  to  0.70^  carbon  for  95  and  100  lb.  rails.  These 
rails  after  12  to  16  years'  service  have  developed  but  comparatively 
few  base  fractures,  which  were  nearly  equally  divided  between 
the  letters.  Out  of  over  500,000  tons,  only  20  piped  rails,  in  the 
webs  and  heads,  have  been  found  to  date,  though  there  is  about 
one-fourth  of  one  per  cent,  of  split  heads,  which  are  common  to  all 
of  the  letters.  There  is  a  slightly  greater  percentage  of  defective 
rails  in  the  letter  A  than  in  either  the  B  or  C  rails.  These  rails  were 
all  made  from  ingots  which  were  cast  in  the  pits  and  as  soon  as  they 
were  stripped,  thrown  down  into  a  horizontal  position,  then  loaded 
upon  the  ingot  trucks  and  charged  into  horizontal  heating  furnaces. 
The  chemical  composition  was  adjusted  to  make  a  sound  ingot,  the 
metal  carrying  from  0.6  to  0.8%  of  copper.  Many  of  the  ingots  as 
"stickers"  were  broken  under  the  drop  to  see  the  solidity  of  the 
metal,  and  it  was  rare  to  find  a  central  cavity  of  ]s  in.  in  diameter 
in  any  of  the  ingots  after  they  were  cold.  The  rails  are  giving  a 
slow  rate  of  wear  and  only  near  the  inside  running  edge  of  the 
upper  corner  of  the  head  of  the  A  rail,  for  about  one-third  of  its 
length,  do  they  show  the  slight  inclusions  of  gas  or  slag  in  the  struc- 
ture of  the  upper  part  of  the  ingot. 

The  B  and  C  rails  rarely  show  any  defects.  The  letters  can  be 
found  on  most  of  those  now  in  the  track.  The  "New  York  Central 
Lines"  have  been  restencilling  a  number  of  rails  with  white  paint, 
indicating  by  the  letter  so  that  persons  can  examine  them  and  see 
the  different  rates  of  wear  between  the  A,  B  and  C  rails.  The  A  rail 
usually  wears  slightly  faster  than  the  B  or  C.  Rails  which  have 
been  in  service  16  to  17  years  and  have  carried  from  two  hundred 
and  two  hundred  fifty  millions  of  heavy  tonnage,  have  lost  only  from 
1 -16  to  1-8  of  an  inch  in  height  in  the  center  of  the  head,  while  those 
on  the  curves  show  but  little  flange  wear.  The  effort  in  making  those 
rails  was  to  secure  a  slow  rate  of  wear  by  a  chemical  composition  and 
not  by  cold  rolling,  as  is  proposed  at  the  present  time.  But  few 
half-moon  breaks  in  the  base  have  occurred  in  these  rails  after  their 
long  service. 

COLD  ROLLING. 

It  is  not  generally  understood  that  steel  for  rails,  can  be  rolled 
too  cold  during  their  manufacture.  It  is  found  by  experience  that 
cold  rolled  rails,  which  have  been  manufactured  extensively  since 
1900,  break  to  a  greater  extent  in  the  tracks  when  the  temperature 
falls  to  zero  or  below,  than  the  rails  which  were  rolled  at  the  ordi- 
nary working  temperatures.  The  cold  rolling  is  beneficial  for  the 
rate  of  wear  in  the  head,  but  when  the  rails  are  rolled  at  near  or 
below  the  "critical  temperature"  for  the  steel,  it  is  detrimental  to 
the  rail  as  a  girder.     The  base,  web  and  head  may  be  chilled  and 
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hardened  so  that  the  ductility  is  decreased,  for  the  ordinary  chemical 
composition  of  the  section,  and  they  are  injured  under  the  straighten- 
ing press. 


FIGS.   4  AND  5. 

Shear  over  the  supports  of  Drop  Testing  Machine.  Under  the  drop  test,  the 
shear  is  usually  curved  or  inclined  and  more  than  in  the  track.  The  two 
triangular  fractures  in  the  base  of  rail  are  due  to  reversing  the  bending  of 
the  edges  as  occurs  under  the  gags  of  the  straightening  press. 
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The  half-moon  breaks,  which  have  occurred  over  the  cross-ties  in 
the  rails  of  the  past  four  or  five  years  manufacture,  are  generally 
associated  with  cracks  or  seam-  in  the  base.  These  may  be  due  to 
cracks  m  the  skin  of  the  ingot  in  blooming,  inclusions  of  silicates 
of  manganese,  or  laps  from  the  passes,  or  ragging.  Many  consider 
that  these  are  the  primary  causes  of  the  fractures.  The  more  recent 
physical  examinations  of  broken  rails  show,  that  associated  with 
these  seams,  the  metal  is  usually  brittle,  having  been  chilled  in  roll- 
ing. The  flange  cracks  easily  under  a  light  blow  of  the  sledge.  The 
fractures  can  in  many  cases  be  traced  directly  to  the  initial  strains  in 
the  metal  due  to  "gagging"  in  straightening  the  rail  at  the  time  of 
manufacture.  The  edge  of  the  base  of  the  rail  on  one  side  will  check 
from  the  bottom  upwards,  and  in  an  inch  or  two  from  that,  the 
top  of  the  flange  may  check  from  the  top  downward. 

These  are  detailed  progressive  fractures  even  though  completed 
under  a  locomotive  or  train,  and  usually  when  found  some  part  of 
the  fracture  had  previously  oxidized  or  discolored,  showing  it  had 
been  days,  weeks  and  sometimes  months  in  developing. 

The  gagging  in  such  cases  was  sufficiently  severe  to  put  reversed 
bends  in  the  edge  of  the  base  and  had  left  decided  initial  stresses  in 
the  metal  at  the  junction  of  the  base  and  web  and  in  the  flanges 
due  to  permanent  sets  of  the  metal  in  straightening  the  rails.  The 
majority  of  the  half-moon  or  crescent  shaped  fracture-  occur  on  the 
top  of  the  cross-ties,  and  finally  rising  through  the  web  and  head,  as 
a  vertical  shear  with  slight  curvature  through  the  web.  Comparing 
these  fractures  with  those  which  occur  over  the  supports  of  the  drop 
testing  machine,  they  are  found  to  be  identical  except  as  to  the  length 
of  the  curve,  as  the  rail  shears  over  the  support.  Increasing  the 
thickness  of  the  base  for  colder  rolling  than  has  been  before  con- 
sidered permissible,  does  not  check  the  tendency  of  the  metal 
to  fracture  in  the  edges  of  the  base  under  the  reversed  -trains  of  the 
gagging  process.  The  cold  rolling  reduces  the  ductility,  the  same 
as  though  greater  additions  were  made  of  carbon  or  phosphorus. 
The  fractures  in  the  base  of  the  cold  rolled  rails  are  not  confined  to 
the  letter  A.  representing  the  top  of  the  ingot,  as  is  generally  under- 
stood, but  are  distributed  through  the  entire  rails  of  the  ingot  and  in 
a  few  cases  have  been  identified  as  confined  to  a  single  ingot  of  the 
heat.  Out  of  201  specimens  of  broken  rails.  43  were  A,  46  B,  33  C, 
and  18  D  rails.  The  latter  form  the  smallest  percentage  of  any  of 
the  letters  in  the  track,  for  the  reason  that  in  long  ingots  they 
generally  make  the  most  seconds  and  are  rejected  as  second-class 
rails.  There  were  61  rails  out  of  201  specimens  in  which  the  letter 
had  become  so  oxidized  as  to  prevent  identification.  The  A  rails 
formed  about  21  per  cent,  of  the  letters  identified,  the  B  22  per  cent, 
the  C  18  per  cent,  and  the  D  about  9  per  cent. 

The  base  failures  I  have  described  are  those  of  my  observation 
under  high  speed  trains  where  the  temperatures  were  20  to  30  de- 
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grees  1  el<  w  zero  Fall.  6  r  severa]  consecutive  days.  The  winter  of 
1906  and  \^oy  had  the  longest  protracted  periods  of  low  temper- 
atures, in  many  localities  that  the  weather  bureau  has  yet  recorded, 
and  I  did  not  see  more  than  one  or  two  direct  tension  breaks,  all  of 
the  fractures  being-  developments  of  injuries,  strains  or  defects  in 
manufacture,  coincident  with  the  combined  cold  and  heavy  service. 
These  are  technical  problems  for  the  rolling  mills  and  the  railroads 
to  investigate  and  solve. 

The  low  temperature  has  two  effects  upon  the  ordinary  Bessemer 
steel  rails :  First,  to  raise  the  elastic  limit  and  increase  its  fragility 
under  shocks.  Second,  to  set  up  thermal  stresses  due  to  contraction 
before  the  ends  of  the  rails  slip  in  the  splice  bars. 

Each  fall  in  temperature  of  one  degree  Fah.  sets  up  a  stress  of  200 
lbs.  per  square  in.  of  the  area  of  the  section  where  the  ends  of  the 
rails  are  held  firm.  The  friction  of  the  splice  bars  per  lineal  in.  of 
the  80  lb.  rail  of  my  sections,  is  4300  to  4400  lbs.,  and  for  the  100  lb. 
splice  bars  it  is  4800  to  5000  lbs.  One-half  of  a  36  in.  80  lb.  splice 
bar  would  hold  a  tension  of  77000  lbs.,  and  the  100  lb.  splice  bar 
86000  lbs.  before  the  ends  might  slip  in  the  splice  bars.  The  most 
frequent  base  breakages  are  in  the  periods  of  low  temperatures,  and 
consequently  affect  the  rails  laid  in  cold,  more  than  in  warm  climates. 

HEAD    FAILURES. 

The  numerous  split  heads  in  rails  of  recent  years,  called  by  the 
trackmen  "piped  rails"  and  which  are  found  in  all  brands,  occur 
more  in  some  than  in  others.  When  the  steel  is  cast  in  long  ingots, 
the  upper  part  is  not  deoxidized  as  much  as  the  average,  and  with 
a  well  defined  exterior  envelope  not  securely  connected  to  the  spongy 
central  core.  The  passing  wheel  loads  cause  the  metal  in  the  bearing 
surface  to  spread  laterally  and  it  becomes  loosened  from  the  central 
core  underneath.  The  widening  layer  of  metal  eventually  checks 
and  splits  that  of  the  central  core  underneath.  The  surfaces  of  the 
vertical  split  discoli  r  in  a  short  time  and  are  often  reported  by  the 
trackmen  as  a  flaw  or  pipe. 

There  are  often  one  or  more  minute  layers  of  ladle  slag — ( silicates 
of  manganese) —  from  the  chemical  reactions  of  the  recarburizer,  l/i 
of  an  in.  under  the  bearing  surface,  which  permits  the  metal 
to  spread  easily  an  1  split  the  metal  underneath,  particularly  when 
there  are  small  seams  funned  by  the  closing  and  elongating  of  small 
gas  bubbles  surrounded  by  segregated  metal.  The  split  may  develop 
at  the  end,  but  more  often  occurs  in  one  or  two  places  in  the 
quarters  or  centers  of  the  rails.  It  sometimes  starts  and  breaks 
from  one  side  of  the  head  and  develops  toward  the  center  and  then 
across  to  the  opposite  side. 

The  spattering  of  the  mold  in  pouring  or  when  a  heat  must  be 
pricked,  seems  responsible  for  some  split  heads ;  but  the  teeming  of 
the  ingot-,  to  1  quickly  after  recarburizing  the  steel,  containing  minute 
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globules  of  silicate  of  manganese  associated  with  insufficient  deoxi- 
dized metal,  seems  to  be  a  greater  factor. 


FIG.    6. 

N.  Y.  C.  &  H.  R.  R.  R. — ioo  lb.  Carnegie  rail  of  0.45%  Carbon  and  0.10% 
Phosphorus. — Split  head.  Segregated  fragile  metal  forming  central  core. 
The  envelope  of  metal,  forming  the  bearing  surface  for  the  head  is  soft, 
and  has  the  usual  expanding  wedge  over  the  vertical  split  in  the  central 
core. 

The  central  core  of  the  upper  part  of  the  ingot  is  often  a  motley 
collection  of  segregates  in  the  insufficient  deoxidized  metal  which 
were  rejected  by  the  setting  steel  of  the  lower  portions  of  the  ingot 
and  entrained  before  rising  to  the  top.  Some  of  the  segregates,  as 
ovoid  bodies  in  the  ingots,  are  drawn  out  in  rolling  into  long  cyl- 
inders and  form  the  dark  streaks  in  longitudinal  etchings  of  the  rails. 
while  the  white  streaks  are  generally  carbonless  iron.  The  silica 
of  manganese  as  globules,  are  drawn  out  into  threads  in  the  section 
of  the  rails,  resulting  in  a  reduction  of  the  solid  volume  in  the 
heads,  particularly  when  associated  with  insufficient  deoxidized  metal. 
The  rapid  wear,  flow  of  metal  and  crushing  of  the  rail  ends,  are  to 
be  expected  from  such  conditions. 
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Pipes  in  ingots  from  shrinkage  cavities  or  inclusions  of  ladle  slag 
or  vessel  slag,  ganister  and  split  heads,  would  be  "pipes"  to  the 
trackmen,  but  each  require  a  different  metallurgical  treatment  for 
correction. 


ioo  lb.  rail — A.  S.  C   E.  section  showing  accidental  inclusion  of  ganister.  The 

result  in  manufacture,  or  in  the  track,  would  be  reported  as  a  piped  rail, 

while  true  in  effect  it  is  not  due  to  the  shrinkage  cavity  of  the  ingot.  Its 
prevention  is  a  mechanical,  rather  than  metallurgical  problem. 

The  consumer  is  expected  to  tell  the  manufacturer  when  the  rails 
fail,  which  is  but  a  small  part  of  his  privilege  and  duty;  he  must 
investigate  and  tell  the  manufacturer  the  reasons  why  they  fail  to 
meet  the  conditions  of  service.  Transportation  has  made  such  rapid 
strides  during  the  past  two  decades  on  the  stiff  rails  as  engineering 
structures  and  the  demands  of  the  commercial  interests  for  more 
facilities,  so  pressing  and  insistent,  that  some  things  have  been  done 
to  meet  emergencies  by  both  the  consumer  and  manufacturer,  oblig- 
ing both  to  work  nearer  the  upper  margin  of  capacity  than  would 
otherwise  have  been  done.  Some  manufacturers  have  shortened 
by  one  or  two  minutes  the  essential  time  after  recarburizing  the  heats 
before  teeming  the  ingots,  while  the  consumer  has  been  obliged 
to  increase  the  wheel  loads,  expended   tractive  effort  of  the  loco- 
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motives  and  speed  of  his  trains  to  a  degree  only  recently  considered 
possible. 

Two  years  ago  to  suggest  to  the  manufacturer  that  slag  was  dis- 
seminated through  the  steel  in  the  rail  head,  was  met  by  what  he 
considered  just  indignation  a-  t< <  the  correctness  of  tin-  statement, 
but  when  shown  to  him.  he  no  longer  doubts  but  take-  measures  for 
its  elimination.  The  steel  manufacturer  ha-  to  contend  with  the 
storms  quite  as  much  as  the  rail  user.  The  atmospheric  moisture 
will  not  wash  out  or  submerge  the  manufacturer's  plant,  but  the 


FIG.  8. 

X.  V.  C.  &  H.  R.  R.  R.— ioo  lb.  rail— L.  S.  Co.— 1904.     Two  crescent  sh 

pieces  broken  from  base  of  rail.  The  development  of  checks  or  strains 
under  the  straightening  press  in  manufacture.  One  of  these  checks  or 
strains  contributed  with  seams  of  manufacture  in  the  base,  to  its  detailed 
fracture  and  shear  of  the  remaining  part  of  the  section  and  is  typical  of  rail 
breakages  in  cold  climates.  The  check  adjacent  to  the  shear  of  the  web 
started  from  the  underside  and  also  split  near  the  median  line  of  the  base 
while  the  opposite  end  is  checked  from  the  upper  side  of  the  base.  The 
other  crescent  fracture  checked  from  the  underside  of  the  base. 
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amount  of  moisture  which  in  humid  weather,  will  go  into  the  blast 
furnace  will  change  the  character  of  the  product. 

The  Bessemer  converter  uses  for  the  conversion  of  each  ton  of 
metal  five  to  six-tenths  of  a  ton  of  air,  and  whether  each  cubic  foot 
of  air  contains  one.  or  six  to  eight  grains  of  moisture  is  felt  at  once 
in  the  Bessemer  department  and  the  rail  mill  by  increased  difficulties 
of  manufacture,  not  easily  surmounted. * 

It  is  gratifying  for  me  to  find  that  from  independent  investigation 
that  the  consumer  and  manufacturer  are  arriving  at  the  same  facts 
and  conclusions  from  which  mutual  benefits  will  result. 

DISCUSSION. 

Mr.  ]}'.  II.  Fittiey,  m.w.s.e.  (Chairman)  :  In  the  matter  of  rails 
— taking  the  paper  just  as  it  was  read  by  Dr.  Dudley — I  would  ask 
if  any  better  results  are  obtained  by  the  use  of  the  open-hearth 
process  than  have  been  secured  in  the  past  by  the  use  of  the  Bessemer 
process? 

Dr.  Dudley:  That  is  a  matter  which  must  be  intelligently  tried. 
We  shall  avoid,  by  the  basic  open-hearth  process,  as  much  pros- 
phorus  as  we  now  have  in  our  present  rails,  and  probably  the  brittle- 
ness  will  be  less,  but  so  far  as  wear  is  concerned  that  is  something 
which  will  have  to  be  determined  by  service  tests.  The  brittleness 
seems  to  be  less  in  the  basic  open-hearth  steel,  unless  it  runs  too 
high  in  the  carbon  or  other  hardening  elements.  The  metal  must 
be  higher  in  the  carbon  to  get  a  serviceable  rail  by  the  basic  open- 
hearth  process,  than  is  necessary  in  the  Bessemer  process,  with  the 
use  of  0.06%  of  phosphorus.  I  have  seen  a  number  of  rails  rolled  of 
basic  open-hearth  steel  in  which  the  carbon  ran  from  0.65%  to 
0.75%  and  those  rails  were  tough.  However,  with  a  slight  increase 
in  carbon  running  from  0.68%  to  0.78%,  in  an  ordinary  section,  a 
great  deal  of  brittleness  developed,  and  the  rails  were  not  as  tough 
as  those  with  a  less  amount  of  carbon. 

I  made  for  the  New  York  Central  R.  R.,  a  few  thousand  tons  of 
basic  open-hearth  rails,  rolled  from  three  length  ingots  and  branded 
A,  B  and  C,  commencing  with  the  top  of  the  ingot.  All  the  dif- 
ferent letters  will  be  observed  for  wear.  We  are  putting  them  in 
a  place  where  we  require  great  toughness.  We  will  have  more 
reliability,  so  far  as  brittleness  is  concerned,  than  in  the  ordinary 
Bessemer  rail  with  0.10%  phosphorus. 

Mr.  Finley:  I  think  Dr.  Dudley  ought  to  be  able  to  give  the  rail- 
road companies  some  information  as  to  the  road-bed  itself.  He  has 
spoken  in  regard  to  the  rail  and  the  effect  of  the  rolling  stock  on  the 
rail.  Doubtless  he  has  observed,  in  his  experience,  how  the  road-bed, 
the  ties,  and  ballast  are  affected.  Can  he  suggest  anything  that 
would  be  of  benefit  to  the  railroad  companies  in  that  respect? 

*The  "dry  blast"  was  applied  to  the  Bessemer  Converter  at  the  South 
Works — Illinois  Steel  Co. — a  few  days  after  this  paper  was  read  and  with 
beneficial  results.  P.  H.  D. 
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Dr.  Dudley:  The  observations  which  I  have  described  in  detail 
tonight — the  road-bed  and  ballast — were  factors  which  were  taken 
into  consideration.  It  is  necessary  to  have  a  well-maintained  road- 
bed, to  get  the  best  results  so  far  as  the  undulations  are  concerned. 
The  standard  of  maintenance  has  improved  in  the  last  decade  and 
the  tonnage  carried  is  three  or  four  times  as  great  as  it  was  ten  years 
ago.  Some  of  the  railroads  have  40  to  45  per  cent,  of  the  road-bed 
covered  with  cross-ties  under  the  heavy  rails,  but  1  think  -uch  a 
high  percentage  is  not  necessary.  There  is  considerable  elasticity 
to  the  track  and  road-bed.  which  settles  from  %  to  :;  in.  under 
wheel  loads  of  the  locomotives  and  cars.  It  is  difficult  to  make  that 
amount  of  undulation  uniform,  where  stiff  rails,  with  too  many  ties, 
are  used  per  rail  length.  It  is  almost  impossible,  in  the  tests  for  the 
unit  fibre  strains,  to  get  uniform  results  from  the  different  axles 
even  with  the  same  static  loads.  We  obtain  uniform  results  when 
we  compare  the  entire  stresses  from  a  locomotive  or  a  car :  for  the 
single  wheel  there  is  wide  variation,  due  to  unequal  distribution  of 
the  load,  tamping  and  ballasting  of  the  track.  It  is  difficult  for  the 
trackman  to  tamp  every  tie  so  it  will  have  a  uniform  bearing.  The 
results  show  that  as  a  rule,  a  track  well  ballasted  with  stone  is 
maintained  for  the  entire  year  in  a  better  condition  than  a  gravel- 
ballasted  track,  though  the  latter  is  easier  to  surface. 

It  often  takes  two  years  after  it  has  been  replaced  by  stone  ballast, 
for  the  track  to  become  as  smooth  as  under  the  gravel  ballast.  The 
trackmen  must  learn  how  to  take  care  of  the  track.  Many  are 
discouraged  at  first  when  replacing  the  gravel  ballast  with  stone, 
but  after  they  become  experienced,  they  keep  their  track  in  much 
better  condition.  The  first  year  or  two  after  the  change  from  gravel 
to  stone  ballast,  the  tracks  are  somewhat  rough  and  do  not  ride 
smoothly.  There  is  much  in  favor  of  stone  ballast,  however,  for 
heavy  service;  the  road-bed  should  be  well  drained,  which  is  one 
of  the  most  important  factors ;  not  as  much  attention  has  been  paid 
to  this  as  should  be  in  this  country.  By  draining,  a  firm  road-lied 
is  secured,  in  which  the  undulations  will  be  uniform. 

The  breadth  of  the  top  of  the  rail  is  another  important  item  : 
it  makes  a  smoother  track.  The  narrow  top  rail  cuts  out  at  the 
receiving  end  and  makes  a  noise  and  shock  which  the  trackmen 
cannot  eliminate.  The  Belgian  Government  have  just  designed  a 
new  117  lb.  rail,  and  have  made  it  even  broader  than  my  100  lb. 
section;  the}-  added  T4  in.  to  the  width.  I  was  disappointed  in  not 
finding  as  smooth  riding  on  these  heavy  rails  as  ought  to  have  been 
secured  by  the  105  lb.  rail.  The  track  was  rough  in  a  short  time, 
and  they  acknowledge  that  it  does  not  ride  as  smoothly  as  they 
would  like  to  have  it ;  and  they  do  not  understand  the  reason.  I  think 
that  with  heavier  rails  and  less  ties  we  can  secure  a  smooth  track 
with  some  elasticity  which  is  better  than  one  that  is  extremely  rigid. 
On  manv  roads  it  takes  onlv  a  short  time  to  wear  out  the  So  lb. 
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rails,  while  the  ioo  lb.  rails  will  carry  over  250,000,000  tons,  and 
still  be  smooth  before  it  is  removed.  This  is  due  to  the  difference 
in  the  breadth  of  the  rail  head. 

Mr.  J.  R.  Budd:  I  would  ask  Dr.  Dudley  if  he  has  made  any  in- 
vestigation along  the  lines  of  rail  corrugation? 

Dr.  Dudley:  My  broad  top  rails  have  little  corrugation.  One  of 
the  first  things  I  noticed  in  connection  with  the  narrow  top  rail  was 
that  they  got  rough  on  the  curves.  That  is  one  reason  why  I  made 
the  head  broader,  and  corrugation  seldom  occurs  now  on  any  of  the 
broad  top  rails. 

Mr.  Budd:    What  is  the  cause? 

Dr.  Dudley :  The  narrow  top  rail  gets  the  effect  of  the  ragging 
of  the  rolls  and  develops  the  corrugation  in  subsequent  service. 

Mr.  Budd:  I  have  noticed  it  more  on  the  new  sections  than  on 
the  old  60  lb.  rails. 

Dr.  Dudley:  Our  100  lb.  rails  have  entirely  too  much  work  in  the 
straightening  press ;  they  should  receive  more  hot  bed  work. 

Mr.  Budd:    The  gagging  introduces  internal  strains? 

Dr.  Dudley :  Yes,  a  great  many  strains  are  introduced  and  after 
they  start,  they  continue  to  develop  under  the  wheel  loads.  On  our 
broad  rail  head  it  is  different ;  it  does  not  wear  as  quickly  as  the 
rail  with  a  narrow  head. 


THE  DEVELOPMENT  OF  THE  ELECTRTC  RAILWAY 
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Read  February  i  /.  T904. 

There  is  probably  no  branch  of  modern  industry  thai  has  exercised 

a  greater  influence  upon  the  social  organization  of  this  country  'lur- 
ing the  past  twenty  years,  than  the  Electric  Railway  industry.  This 
influence  began  and  grew  to  very  important  proportions  even  while 
electricity  was  used  as  a  motive  power  only  on  the  surface  cars  of  our 
city  streets.  Even  with  this  limited  field  of  operation,  the  rapid  tran- 
sit afforded  the  suburban  districts  of  the  cities,  made  the  modern 
American  city  a  possibility  ;  brought  the  outlying  districts  within  a  few- 
minutes'  ride  of  the  heart  of  the  city,  and  prevented  that  greal  con- 
gestion which  is  found  in  foreign  cities.  And  later,  with  the  advent 
of  the  interurban  road,  this  readjustment  of  the  centers  of  population 
has  become  much  more  pronounced,  until  the  entire  population  of  the 
United  States  is  feeling  the  effect  of  the  changed  condition.  It  is  not 
only  the  city  person  who  has  thus  gained  a  great  advantage  in  being 
able  to  appropriate  the  benefits  of  country  life;  but  the  country  per- 
son is  also  greatly  benefitted  by  having  extended  to  him  the  valuable 
influence  and  advantages  of  the  city. 

The  electric  railway  is  thus  exerting  a  great  influence  in  equaliz- 
ing social  conditions  and  in  breaking  down  the  barriers  that  have 
always  been  felt  to  exist  between  the  urban  and  the  rural  civilization 
of  our  land. 

It  is  not  possible  to  define  exactly  when  electric  traction  cars 
were  first  invented  or  to  laud  one  inventor  as  the  originator  of  the 
electric  car.  In  fact,  the  modern  electric  railway  has  been  evolved 
from  a  laboratory  toy.  and  is  as  we  see  it  today  the  product  of  the 
minds  of  many  men.  Each  successive  inventor  has  added  a  little  here 
or  a  little  there,  until  the  result  is  the  s-uccessful  enterprise  which  is 
now  coming  into  so  much  prominence. 

The  idea  of  operating  cars  by  electricity  was  put  into  practice, 
experimentally,  more  than  seventy  years  ago.  but  at  that  time  neither 
dynamos  nor  motors  had  been  invented  and  the  use  of  the  primary 
electric  battery  as  the  motive  power  for  vehicles  was  not  at  all  an 
encouraging  problem.  Another  circumstance  that  effectually  re- 
tarded the  progress  of  the  electric  railway  was  the  success  attained 
aboujt  this  time  by  the  steam  roads,  which  seemed  to  solve  effectually 
most  of  the  important  problems  of  transportation.  A  few  experi- 
ments were  carried  on  from  time  to  time  both  in  America  and  in 
Europe,  with  battery  driven  cars,  but  very  little  encouragement  was 
found  in  these  attempts.  And  it  was  not  until  after  the  year  1867, 
the  vear  in  which  the  dynamo  was  perfected,  thai  any  real  progress 
was  made  toward  a  large  electric  car  suitable  for  the  practical  car- 
rying of  passengers. 
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Following  promptly  upon  the  commercial  exploitation  of  the  early 
magneto — electric  and  dynamo — electric  generators,  came  a  sharp 
renewal  i  f  the  effort  to  perfect  the  electric  railway.  But  even  then 
it  required  twenty  years  of  experimental  work  before  any  system 
was  so  far  perfected  as  to  show  evidence  of  real  commercial  success. 
Tt  can  therefore  be  said  that  the  modern  electric  railway  is  the  pro- 
duct of  the  last  twentv  vears. 


Electric  Locomotive  and   Cars   first  operated  on   May  31,   1879,  at   the. Berlin 

Trades  Exposition. 

However,  in  the  few  years  that  have  intervened  since  a  successful 
system  has  been  perfected,  the  development  of  the  electric  railway 
has  been  very  rapid  and  the  outlook  for  the  future  is  stupendous. 
The  electric  roads  now  in  operation  in  the  United  States  would,  if 
collected  together,  furnish  enough  trackage  to  build  a  ten  track  line 
from  New  York  to  San  Francisco,  and  the  cars  in  use  would,  if 
placed  end  to  end.  make  a  continuous  wall  reaching  from  Chicago  to 
Pittsburg.  There  are  more  miles  of  electric  road  in  the  United 
States  than  there  in  all  the  rest  of  the  world  put  together,  and  the 
electric  roads  in  the  United  States  have  more  mileage  than  the  com- 
bined electric  and  steam  roads  of  any  one  European  country.  The 
present  growth  represents  an  equivalent  of  a  new  line  from  Chicago 
to  San  Francisco  every  year. 

This  growth  and  advancement  from  year  to  year  has  been  little,  less 
than  marvelous.  The  average  rate  of  construction  for  the  past  six 
years  has  been  2,500  miles  per  year,  which  represents  a  growth  per 
annum  of  more  than  half  of  the  annual  growth  of  the  steam  roads 
for  the  same  period.  And  this  represents  practically  all  new  work, 
for  the  changing  over  period  had  nearly  ceased  before  the  year  1900. 

With  these  facts  in  mind  it  is  not  difficult  ot  believe  that  the  time 
is  at  hand  when  the  electric  railway  must  be  seriously  reckoned  with 
in  the  financial  economics  of  this  country.  At  the  present  rate  of 
increase  tlur  ion   be   a  perfect   network  of  interurban  lines 
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throughout  the  entire  densely  populated  portion  of  the  United  Si 
Probably  during  the  present  summer,  electric  cars  will  run  thro 
from  Chicago  to  Louisville  and  Cincinnati,  and  it  will  be  bul  a  short 
time  until  it  will  be  possibe  to  go  from  Chicago  through  to  Detroit 

and  Cleveland  on  electric  car-. 

According  to  the  United  States  census  report  of  [890,  there  was 
in  1886  two  electric  railways  in  successful  operation,  with  a  combined 
mileage  of  eight  miles;  in  1887  there  were  four  roads  with  a  com- 
bined mileage  of  twenty-nine  miles;  while  in  1888  the  business  had 
increased  until  there  were  then  in  operation  twenty-nine  road-  with 
a  combined  mileage  of  nearly  three  hundred  miles. 

For  a  number  of  years  prior  to  1886  there  hid  been  numerous 
attempts  made  to  put  in  operation  a  successful  electric  car.  an  1  it  was 
confidently  believed  by  the  various  inventors  that  electricity  was 
adapted  to  the  propulsion  of  street  railways;  yet  none  of  these 
attempts  were  so  far  successful  as  to  supplant  the  well-established 
methods  of  operation  with  horses  or  steam  dummys.  While  every 
attempt  which  had  been  made  was  of  inestimable  value  in  forming 
a  stepping  stone  to  better  things,  some  weak  sp  it  always  developed, 
that  rendered  the  enterprise  a  financial  failure.  But  these  obstacles, 
while  very  disheartening  at  the  time,  did  not  seem  to  discourage  the 
designers  of  these  early  days,  but  only  served  to  awaken  them  to  the 
necessity  of  renewed  efforts  to  perfect  the  system  which  they  believed 
destined  to  be  rewarded  with  success. 

As  early  as  1880  the  electric  motor  had  been  so  far  perfected  and 
simplified  that  the  outlook  for  a  practical  electric  car  was  encour- 
aging, and  a  number  of  designers  were  in  the  field  working  on 
schemes  to  make  electric  traction  a  success.  In  1881  and  1882.  Leo 
Daft  began  experiments  with  a  commercial  size  electric  car,  firm  in 
the  belief  that  it  was  possible  to  replace  the  horse  as  a  motive  power 
for  street  railway  by  electric  traction.  Mr.  Daft  formed  the  Daft 
Electric  Co.,  and  made  a  large  number  of  public  tests  for  the  purpose 
of  demonstrating  the  practicability  of  the  Daft  systems  of  electric 
traction.  This  company  built  an  eletcric  locomotive  which  they 
called  the  "Ampere,"  for  use  on  the  Mt.  McGregor  -team  railroad 
at  Saratoga,  and  during  the  summer  of  1883  equipped  about  1.25 
miles  of  that  road  with  35  lb.  third  rail,  mounted  on  resinized  wood 
blocks  in  the  center  of  the  track,  with  soft  rubber  insulation  under  the 
foot  of  the  rail  and  bolt  heads.  Experiments  were  continued  for  two 
or  three  weeks  with  more  or  less  success.  One  feat  of  the  Ampere 
is  described  as  hauling  an  ordinary  day  coach  containing  68  ]■ 
engers  over  a  curve  of  about  100  ft.  radius  up  a  grade  of  93  feet 
per  mile. 

Following  the  Saratoga  experiment,  the  Daft  Electric  Co.  in  1884 
built  several  show  lines  at  Coney  Island  and  elsewhere,  to  advertise 
to  the  people  at  large  the  feasabilitv  of  the  systi  n  .  As  an  outcome 
of  the  Coney  Island  demonstration,  the  Daft  Co.  was  awarded  a  con- 
tract for  about  two  miles  of  actual  street  railway  line  in  Baltimore. 
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This  was  a  very  trying  piece  of  line  to  begin  with,  as  there  were 
grades  of  350  feet  to  the  mile,  and  curves  of  from  40  feet  to  70  feet 
radius,  with  a  gauge  of  5  ft.  4.5  inches.  The  line  was  owned  by  the 
Baltimore  Union  Passenger  Railway  Co.,  and  the  contract  with  the 
Daft  Co.  was  entered  into  in   1885  and  work  upon  the  equipment 
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was  started  forthwith.  Many  troubles  developed  in  the  installation 
and  subsequent  operation  of  the  line,  but  it  was  operated  with  enough 
success  to  attract  the  attention  of  capitalists  and  to  awaken  ambitious 
engineers  to  the  belief  that  there  was  really  a  power  almost  within 
their  reach  which  was  destined  to  revolutionize  the  street  railway 
business. 
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Daft's  Baltimore  Road. 

With  this  line  an  electric  locomotive  hauled  the  regular  street  cars. 
These  locomotives  or  dummys  were  equipped  with  motors  placed 
on  the  floor  of  the  car  and  the  axles  of  the  car  were  driven  by  large 
gears.     The  track  was  equipped  with  a  third  rail  to  supply  current. 
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placed  midway  between  the  track  rails,  which  were  used  for  the 
return  circuit.  An  overhead  trolley  was  used  where  long  crossings 
were  encountered,  and  it  was  in  this  way  that  the  first  trolley  system 
was  put  into  operation. 

Daft  says  of  his  Baltimore  road  which  was  put  in  operation  in 
1885,  tnat  "therewith  the  first  commercial  electric  railway  in  America 
had  hung  up  its  shingle." 

This  suburban  road  continued  in  successful  operation  until  1889 
or  until  it  became  part  of  a  network  of  electric  railways  which  were 
equipped  with  more  modern  apparatus.  Daft  introduced  the  double 
trolley  system  of  electric  traction  with  a  trolley  wire  return.  This 
system  is  still  in  operation  in  Cincinnati. 


"Benjamin  Franklin"  of  1SN7-S  on  New  York  Elevated  Railway. 

In  1888  Daft  placed  on  trial  a  large  electric  locomotive,  on  the 
Ninth  Avenue  Elevated  Railway  in  New  York.  This  locomotive  was 
called  the  "Ben  Franklin"  and  was  placed  in  service  with  the  hope  of 
showing  the  advantage  of  this  motor  over  the  steam  locomotive  then 
in  use.  These  trials  were  conducted  under  a  variety  of  c  mditions, 
in  an  endeavor  to  convince  the  most  skeptical  of  the  advantages  of 
electric  motive  power  for  elevated  roads.  This  motor  was  able  to 
draw  six  of  the  ordinary  elevated  cars  at  a  speed  of  forty  miles  per 
hour.  These  experiments  were  thoroughly  successful,  but  the  neces- 
sity of  changing  from  steam  to  electricity  did  not  seem  to  be  appa- 
rent at  that  time,  and  in  fact  was  not  fully  realized  for  a  long  time 
afterward. 

During  the  time  that  Daft  was  carrying  on  his  early  experiments 
in  the  ea>t  a  number  of  inventors  in  the  west  were  making  experi- 
mental efforts  to  demonstrate  other  systems  of  electric  traction. 
One  of  the<e  early  railways  which  gained  considerable  prominence. 
and  which  was  among  the  first  electric  railways  successfully  oper- 
ated, was  that  at  the  Chicago  Exposition  in  1893.  An  electric  loco- 
motive known  as  the  "Judge"  operated  for  some  time  during  the 
exposition  on  an  intramural  railway,  and  hauled  26,000  passengers. 
The  Judge  was  made  in  accordance  with  the  design  of  Edison  and 
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Field,  who  had  combined  their  efforts  in  electric  railway  design. 
The  Judge  weighed  about  3  tons  and  drew  a  trail#car  for  passengers. 
In" the  fall  of  the  same  year  Messrs.  Bentley  and  Knight,  who  had 
witnessed  the  performance  of  the  "Judge"  at  Chicago,  formed  the 
Bentlev-Knight  Railway  Co.,  and  constructed  a  short  experimental 
electric  railway  in  the  yards  of  the  Brush  Electric  Co.  at  Cleveland. 
The  results  of  the  experimental  line  were  so  encouraging  that  during 
the  next  year  this  company  constructed  a  line  over  a  mile  long  in 
Cleveland,  and  operated  cars  with  more  or  less  success  and  constancy 
for  more  than  a  year.  This  company  used  the  conduit  system,  in 
which  the  conductor  was  carried  in  a  wooden  box  placed  between  the 
track  rails. 


At  the  Chicago  Exposition  there  was  also  another  experimental 
electric  railway  built  by  Chas.  Van  Depoele.  In  this  line  the  car  was 
suspended  from  the  rails  and  ran  around  the  exposition  building. 
In  1885  Mr.  Van  Depoele  put  in  operation  at  the  Toronto  Exposition 
Toronto.  Canada,  an  electric  trolley  railway,  which  it  has  been 
claimed  was  the  first  commercial  trolley  car  line  ever  put  in  operation. 
This  was  not  strictly  a  street  railway  line,  but  ran  from  the  terminus 
of  the  city  street  railway  to  the  Exposition  grounds,  something  over 
half  a  mile,  and  was  operated  only  during  the  Exposition.  A  motor 
car  and  three  trailers  constituted  the  equipment.  On  this  line  a 
speed  of  thirty  miles  per  hour  was  attained,  and  an  average  of  10,000 
passengers  per  day  were  carried.  The  track  rails  were  used  for  the 
return  circuit,  and  on  top  of  the  car  was  placed  one  of  the  first  illus- 
trations of  the  under  running  trolley  now  so  universally  employed. 

Mr.  Van  Depoele's  next  venture  was  the  construction  of  a  regular 
street  railway  in  South  Bend,  Indiana.  On  this  line  were  operated 
as  many  at  five  separate  cars,  something  never  before  attempted  or 
even  supposed  possible.  This  road  derived  its  current  from  a  gener- 
ating plant  driven  by  water  power.  There  were  four  ordinary  closed 
cars  equipped  with  one  5  H.  P.  motor  each  and  one  large  car  equip- 
ped with  a  10  H.  P.  motor.  On  the  cars  the  motors  were  placed 
under  the  car  body  between  the  wheels,  and  the  axles  were  connected 
by  mean-  of  sprocket  wheels  and  link  belts.     This  arrangement  of 
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putting  the  motor  below  the  floor  of  the  car-,  was  found  to  be  advan- 
tageous, as  the  earlier  arrangement  of  placing  the  motor  on  the  Moor 
of  the  cars  took  up  much  valuable  space  which  could  be  used  for  pas- 
sengers. On  this  road  an  innovation  was  introduced  in  the  use  of 
the  over-running  trolley  instead  of  the  under-running  style,  as  was 
used  at  Toronto.  The  cars  on  this  line  wore  not  reversible,  but 
always  run  the  same  end  forward.  The  first  use  of  the  carbon  brush 
motor  is  also  attributed  to  Mr.  Van  Depoele  and  was  put  into  opera- 
tion on  the  line. 

Prior  to  the  introduction  of  the  carbon  brush  on  railway  motors, 
the  brushes  used  were  similar  to  the  then  prevalent  type  of  dynamo 
brushes  made  of  thin  strips  of  copper.  These  brushes  were  a  never 
ending  source  of  trouble  in  railway  work,  due  not  only  to  their 
inherent  unreliability  under  the  rough  use  on  a  railway  motor,  but 
due  also  to  the  trouble  from  dirt  and  moisture  which  was  encount- 
ered along  the  unimproved  streets.  These  early  motors  were  of  the 
open  type  and  offered  little  protection  from  dust  and  weather. 

Some  of  the  early  types  of  motors  were  fitted  with  two  commuta- 
tors and  two  sets  of  brushes,  one  on  either  end  of  the  armature,  and 
is  was  no  uncommon  thing  for  the  motorman  to  stop  two  or  three 
times  per  trip  and  put  in  new  brushes. 


An  Early  Electric  Car  with  Motor  on  Front  Platform. 

The  rheostat  or  resistance  for  regulating  the  speed  was  also  a 
complicated  and  annoying  piece  of  apparatus.  It  was  at  first  placed 
beneath  the  car  and  manipulated  by  a  coffee  mill  style  of  controller, 
which  the  motorman  ground  around  two  or  three  times  to  throw  on 
the  power.  Afterward  this  rheostat  was  placed  upon  the  platform, 
but  was  always  a  menace  to  life  and  limb. 

These  things  seem  amusing  now  as  we  examine  them  in  a  reminis- 
cent way,  but  they  were  most  exasperating  at  the  time,  for  an 
exhibition  of  trouble  on  a  street  railway  car.  partook  of  so  much 
publicity  from  the  very  nature  of  things,  that  every  little  trouble 
seemed  to  be  magnified,  and  it  was  hard  to  convince  the  public  thai 
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such  troubles  were  only  transitory,  and  that  their  discovery  meant 
their  elimination.  It  required  just  such  enthusiastic  experiments  as 
the  South  Bend  road  to  show  up  the  weak  spots  and  pave  the  way  for 
better  things. 

Following  the  construction  of  the  South  Bend  road,  Mr.  Van 
Depoele  built  a  large  number  of  lines,  under  his  system,  during 
the  next  few  years,  some  of  which  continued  in  operation  and  some 
of  which  fell  by  the  wayside.  One  in  particular,  which  was  con- 
structed in  Windsor,  Canada,  in  1886.  was  remarkable  to  the  writer 
as  constituting  the  first  electric  railway  which  he  had  ever  seen. 
He  visited  \Yindsor  and  examined  the  railway  with  a  great  deal  of 
interest.  At  the  time  of  this  visit  the  road  was  in  a  state  of  inocuous 
destuetude  and  apparently  had  been  in  that  state  for  some  time.  The 
one  car,  the  total  equipment  of  the  road,  stood  at  the  end  of  the  line, 
where  it  had  apparently  stood  motionless  for  many  moons.  The  trol- 
ley was  a  miniature  car  which  was  drawn  along  the  trolley  wire  by 
a  flexible  conductor. 

The  Van  Depoele  Co.  was  absorbed  by  the  Thompson-Houston 
Co.,  in  [888  and  Mr.  Van  Depoele  became  an  engineer  for  that 
company.  The  following  year  the  Thompson-Houston  Co.  took 
over  the  Brush  Co.,  which  also  brought  the  Bentley-Knight  Co.,  into 
the  consolidation. 

At  about  this  same  time  Mr.  John  C.  Henry,  of  Kansas  City, 
was  working  on  an  electric  railway  system  of  his  own  invention. 
which  attracted  considerable  attention.  He  put  in  operation  sev- 
eral experimental  lines,  using  the  Van  Depoele  motor  and  the  trolley 
collector  with  overhead  wires.  In  the  fall  of  1885  he  conducted 
a  series  of  experiments  with  heavy  electric  equipment,  on  a  branch 
of  the  Fort  Scott  Steam  Railway,  where  freight  cars  were  hauled 
by  electric  motors.  He  also  attempted  high  speeds  and  operated 
over  heavy  grades  under  all  sorts  of  varying  conditions  to  demon- 
strate the  practicability  of  equipment.  These  experiments  were  car- 
ried on  during  severe  winter  weather,  to  demonstrate  the  effect  of 
deep  snows.  The  following  year  he  equipped  the  Kansas  City  Fifth 
Street  Railway  with  his  system.  In  1887  Mr.  Henry  moved  to  San 
Diego,  California,  where  he  built  a  number  of  lines,  one  of  which 
had  grades  of  9%.  The  system  of  underground  feeders  was  first 
introduced  on  one  of  these  roads. 

Coincident  with  Mr.  Henry's  work  in  Kansas  City,  some  inter- 
esting work  was  being  carried  on  in  Denver  by  Professor  Sidney  H. 
Short,  of  the  University  of  Denver,  upon  an  experimental  electric 
railway  300  or  400  feet  long  upon  the  college  campus.  Professor 
Short  believed  in  the  series  system  of  distribution  and  used  this  sys- 
tem on  his  lines.  The  cars  used  on  the  campus  line  had  a  rigid 
four  wheel  truck,  and  the  motors  were  geared  with  one  pinion 
and  gear  to  the  axle.  The  car  body  was  eight  feet  long.  The  suc- 
cess of  this  line  was  so  great  that  a  party  of  capitalists  induced 
Mr.   Short  to  give  up  his  professorship  and  develop  a  commercial 
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electric  street  railway.  The  conduit  system  was  adopted  and  five 
miles  of  track  were  laid  on  15th  St..  Denver,  and  operated  with 
considerable  success  for  some  time.  The  difficulty  of  insulation  in  the 
conduit  in  wet  and  snowy  weather  and  the  imperfection  of  the  early 
types  of  motors  and  generators  led  to  electricity  being  finallv  aban 
doned  for  the  cable,  which,  however,  has  since  been  changed  back 
to  electricity. 

Mr.  Short  afterward  went  to  Columbus.  Ohio,  and  later  to  Cleve- 
land, where  in  1880.  he  organized  the  Short  Electric  Railway 
This  was  merged  into  the  Walker   Electric  Co.  shortlv  afterward, 
and  the  Walker  Company  was  finally  taken  over  by  the  Westing- 
house  Electric  and  Manufacturing  Co. 

It  is  thus  seen  that  the  early  eighties  were  active  years  in  com- 
petitive demonstrations  of  electric  railways,  but  all  of  these 
enterprises  were  more  or  less  experimental,  and  all  of  the  equip- 
ment used  prior  t  >  1887.  was  destined  to  be  superseded  by  more  eco- 
nomical and  efficient  apparatus. 

With  the  year  1887  began  the  actual  construction  of  actual  roads, 
for  with  that  year  the  vast  numbers  of  previous  experiments  began 
to  bear  fruit  in  the  way  of  practical  results. 

On  December  31st  of  that  year  there  were  twelve  successful  elec- 
tric railways  being  operated  in  the  United  State-  and  Canada  with 
an  aggregate  mileage  of  less  than  fifty  miles  of  track.  The  elec- 
trical equipment  of  these  twelve  roads  consisted  of  fifty  or  sixty 
motor  cars.  Of  these  roads,  six  were  on  the  Van  Depoele  system, 
three  on  the  Daft  system,  and  one  each  on  the  Fisher.  Short  and 
Henrv  svstems. 


The  Edison  Electric  Passenger  Locomotive  of 

This  was  the  situation  when  Mr.  Frank  Sprague  entered  the 
electric  street  railway  field.  There  was  no  standard  of  construc- 
tion either  in  size  of  cars,  style  of  equipment,  gage  of  track,  kind 
of  rail  or  method  of  power  transmission.     Mr.   Sprague  had  been 
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working  for  a  number  of  years  upon  the  perfection  of  his  motor 
and  had  established  himself  in  the  field  of  stationary  electric  motors 
before  attempting  to  use  his  motors  for  railway  service.  And  his 
first  active  work  in  this  line  was  begun  in  1887.  Prior  to  this  he  had 
done  considerable  experimental  work  with  his  motor  in  Xew  York 
upon  a  private  track  and  upon  the  34th  Street  branch  of  the  ele- 
vated railway. 

In  the  spring  of  1887  the  Sprague  Electric  Railway  and  Motor 
Co.  received  contracts  for  roads  in  St.  Joseph,  Mo.,  and  Richmond, 
Ya.  The  Richmond  road  is  generally  referred  to  as  the  first  suc- 
cessful electric  railway  ever  constructed  and  while  this  does  not 
imply  that  the  roads  of  Van  Depoele,  Daft  and  others  would  not 
have  been  successful  when  the  obstacles  were  overcome,  and  in  fact 
were  improved  afterward  until  they  were  successful,  it  still  remains 
a  fact  that  the  Richmond  road  was  the  first  to  work  out  of  the 
preliminary  difficulties  and  attract  attention  as  a  thoroughly  suc- 
cessful commercial  enterprises,  worthy  of  copying. 

After  twenty  years  of  development  we  would  now  look  upon  the 
construction  and  equipment  of  the  Richmond  road  as  a  boy's  size 
affair,  but  at  that  time  it  was  the  biggest  thing  of  the  kind  ever  at- 
tempted. The  road  was  a  new  one,  as  distinguished  from  the  changing 
over  of  horse  car  lines,  and  included  a  complete  generating  station, 
erection  of  overhead  lines,  and  equipment  of  forty  cars  with  two 
7^2  h.  p.  motors  each,  on  plans  largely  new  and  untried.  The  con- 
tract required  that  it  must  be  possible  to  operate  thirty  of  these 
cars  at  one  time.  The  conditions  in  Richmond  made  the  require- 
ments for  grades  and  alignment  very  severe,  and  the  road  as  built 
had  29  curves,  some  of  them  of  less  than  30  feet  radius  and  grades 
reaching  10%.  The  contract  required  the  completion  of  the  entire 
track  ready  for  operation  in  90  days.  The  track  was  laid  with  27 
lb.  rails.  The  overhead  construction  consisted  of  a  small  trollev  wire 
reinforced  with  a  continuous  main  conductor  placed  over  the  center 
of  the  track  and  supplied  with  current  by  feeder  circuits  from  the 
main  power  station.  The  track  constituted  the  return  circuit,  the 
rails  being  bonded  together  and  connected  with  a  continuous  con- 
ductor, which  wras  also  connected  with  the  ground  plates  and  with 
the  water  and  gas  mains  of  the  city.  The  power  house  was  equip- 
ped with  small  belted  units  and  generated  constant  potential  cur- 
rent at  about  450  volts.  The  cars  were  16  feet  in  length,  and  as  said, 
were  equipped  with  two  7^  h.  p.  motors.  These  motors  although 
built  according  to  the  best  known  design  at  that  time,  constructed 
in  one  of  the  best  equipped  electric  manufacturing  shops  of  the 
country,  were  so  poorly  adapted  to  the  service  that  was  required  of 
them  that  every  one  of  them  required  the  rewinding  of  its  field 
coils  and  armature  and  the  changing  of  its  commutators.  The 
principal  characteristics  of  Sprague's  motor-equipment  as  used  on 
the  Richmond  road,  which  contributed  largely  to  its  success  and  was 
an   improvement  over   earlier   systems   were,    an   independent  truck 
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with  mot<  rs  exteriorly  centered  upon  the  driven  axle  so  as     i  main- 
tain  parallelism   between   the   driving   shaft   and   the   driven   axles, 
flexible  supports  for  part  of  the  weights  of  the  motors  on  the  trucks 
to  allow  perfect  freedom  in  following  the  motion  of  the  axles, 
pension  being  below  the  car  springs.     The  method  of  flexible  sus- 
pension avoided  all  shock  and   jar.     He  also  used   fix  -<1   brusl 
allowing  forward  and  backward  running.     This  equipment  marked 
the  abolishing  of  ropes,  belts,  sprocket   wheels  and  chain-    for 
reduction  between  armature  and  axle. 

In  spite  of  many  difficulties  and  a  hosl  of  obstacles  which  had  to 
be  overcome,  the  Richmond  road  was  a  success  and  continued  in 
operation  until  it  was  later  absorbed  by  a  more  modern  system. 
This  road  attracted  wide  attention  in  street  railway  and  financial 
circles. 

The  Spxague  Electric  Railway  and  Motor  Co.  depended  largely 
on  the  Edison  General  Electric  Co.  for  the  manufacture  of  motors. 
and  in  this  way  the  Edison  Co.  became  interested  in  the  electric 
railway  field.  The  Edison  Co.  advanced  money  to  Spragne  to  carry 
on  his  business,  a  consequence  of  which  was  that  the  Sprague 
Electric  Railway  and  Motor  Co.  was  soon  absorbed  bv  the  Edison 
Co..  all  of  which  were  later  merged  into  the  <  ieneral  Electric  ' 


The  first  Edison  Electric  Locomotive  and  tran.  1880. 

After  the  year  1888,  the  electric  railway  business  of  the  United 
States  was  established  on  a  firm  basis.  The  large  electric  manufac- 
turing companies  which  had  already  developed  an  extensive  business 
in  the  electric  lighting  field,  became  interested  in  the  manufacture 
of  electric  railway  equipment.  The  Thompson-Houston  Co.  was 
one  of  the  pioneer-  in  railway  motor  construction.  The  first  step  in 
this  d:rection  was  the  purchase  b)  ii  of  the  patent-  of  Be'ntley  and 
Knight  and  those  of  Van  Depoele.  Shortly  afterward  the  Thomp- 
son-Houston Co.  took  over  the  Brush  Co.  and  began  on  a  lar^e  scale 
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the  construction  of  railway  motors.  The  services  of  Mr.  Van 
Depoele  were  also  secured  in  the  designing  department  of  this 
company.  The  first  motors  turned  out  by  the  Thompson-Houston 
Co.  were  what  were  known  as  the  F-30  motor.  This  was  a  15 
h.  p.  motor,  and  two  were  used  to  the  car.  Four  thousand  six 
hundred  of  these  were  sold  by  this  company  during  the  years 
1888-91.  These  are  said  to  be  the  first  motors  on  which  the  carbon 
brush  was  used.  Without  the  carbon  brush  the  railway  motor 
could  never  have  attained  the  success  it  has. 

In  1890  the  Edison  General  Co.  took  over  the  Sprague  Co.  and 
actively  entered  into  the  manufacture  of  railway  equipment.  Shortly 
after  this,  several  of  the  men  who  had  been  active  in  the  Sprague 
Co.,  and  who  owing  to  the  consolidation  of  the  Sprague  and  Edi- 
son companies,  were  left  on  the  outside,  induced  the  Westinghouse 
Co.  to  take  up  the  manufacture  of  railway  motors. 

Thus  with  the  year  1891  there  were  three  large  companies  actively 
competing  for  this  class  of  business.  In  1892  the  Edison  General 
and  the  Thompson-Houston  companies  were  merged  into  the  Gen- 
eral Electric  Co.  Since  that  time  this  company  and  the  Westing- 
house  Co.  have  been  the  two  principal  factors  in  electric  railway 
manufacture.  The  Westinghouse  Co.  in  1898  took  over  the  Walker 
Co.,  of  Cleveland,  who  had  eight  or  nine  years  previously  secured 
the  services  of  Professor  Short  as  Chief  Engineer. 

During  the  six  years  from  1888,  the  time  when  the  success  of  the 
street  railway  was  assured,  to  1894,  when  the  street  railway  began 
to  expand  into  the  interurban  railway,  the  growth  of  the  electric 
street  railway  was  very  rapid.  During  these  six  years  the  electric 
railways  of  the  United  States  increased  from  less  than  300  miles  in 
1888  to  over  10,000  miles  in  1894. 

It  must  be  remarked,  however,  that  this  does  not  represent  new 
enterprises  altogether,  for  it  was  during  this  time  that  a  great  major- 
ity of  the  horse  car  lines  and  steam  dummy  lines  were  changed 
over  to  electricty.  It  is  shown  that  in  1888  there  were  289  miles 
of  electric  railways  and  6,800  miles  of  street  railways  propelled  by 
other  means  ;  in  1892  the  electric  railways  exceeded  the  combined 
mileage  of  all  other  kinds  of  street  railways,  there  being  5,934 
miles  of  electric  against  5,695  miles  of  all  other  kinds,  while  in  1894 
the  electric  railway  had  to  its  credit  13.598  miles  of  line,  against 
3,225  miles  of  all  other  kinds.  This  information  should  be  con- 
sidered in  connection  with  the  fact  that  cable  railways  continued  to 
increase  up  until  1894. 

The  most  interesting  problems  in  electric  railway  construction 
after  1894  were  in  the  development  of  the  interurban  lines  and  the 
electrification  of  the  elevated  roads  in  New  York  and  Chicago. 

The  elevated  railway  had  proved  its  usefulness  in  several  of 
the  larger  cities  prior  to  1894  but  cars  on  these  had  all  been  propelled 
by  steam  power.  These  steam  roads  were  successfully  operated  in 
the  east  for  a  number  of  years  and  seemed  to  give  good  satisfaction,. 
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United  States. 

Foreign 

Countries. 

Years 

Steam  Sys. 

Electric  T>ys. 

Country 

Stean  Pys. 

Elcc.Pys. 

mis. 

CIS. 

nis.  '08 

nis . '00 

1880 

93,262 

Ceruany 

50,777 

3,000 

1885 

128,320 

Aust  ria 

21,805 

630 

1886 

136,338 

8 

Gt.Erit . 

21,529 

2,400 

1887 

149,214 

29 

?runce 

25,898 

1,200 

1888 

156,114 

289 

PuaGia 

26.414 

1889 

161,276 

80-5 

Italy 

9.759 

105 

1890 

166,654 

1,262 

3elgiun 

3,781 

35 

1895 

181,065 

12.133 

Heth'lds 

1,965 

983 

1900 

194,262 

19,314 

Switz'ld 

2.302 

109 

1905 

217,341 

33,100 

Spain 

8,103 

349 

1906 

222,200 

35,000 

Sweden 

6.559 

and  were  profitable.  But  in  Chicago  the  conditions  proved  different, 
either  because  their  installation  in  Chicago  came  at  a  time  when 
the  people  had  become  educated  to  something  better,  or  because  tin- 
people  of  Chicago  would  not  be  contented  with  a  class  of  transpor 
tation  which  was  considered  adequate  by  the  people  of  Boston 
and  New  York.  At  any  rate  the  elevated  roads  which  were  started 
in  Chicago  with  steam  locomotives  did  not  prosper,  and  it  was  not 
until  electricity  had  been  substituted  for  steam  that  these  roads 
proved  successful  either  from  a  financial  or  popular  standpoint. 

The  intramural  railway  at  the  Chicago  World's  Fair  was  the 
first  electric  elevated  railway  put  into  operation  in  the  United  States, 
and  its  very  successful  operation  proved  the  practicability  and  relia- 
bility of  electricity  as  a  motive  power  for  elevated  railways,  demon- 
strating the  correctness  of  the  contention  made  by  Daft.  Field. 
Sprague  and  others  who  had  carried  on  their  experiments  on  the 
Xew  York  elevated  roads,  that  electricity  was  superior  to  steam  for 
that  purpose.  The  third  rail  method  of  current  distribution  was  also 
thoroughly  demonstrated  on  the  intramural  road,  and  there  was  no 
further  doubt  of  the  thorough  reliability  of  electric  elevated  rail- 
ways for  heavy  traffic  and  frequent  stops. 

The  Metropolitan  Elevated  Railway,  in  Chicago,  was  already 
projected  at  the  time  of  the  World's  Fair  and  was  designed  for  the 
use  of  steam  locomotives.  The  Lake  Street  Elevated  and  the 
South  Side  Elevated  were  already  in  operation  with  -team  loco- 
motives. After  the  success  of  the  intramural  railway  the  Metro- 
politan Railway  cancelled  the  orders  for  steam  locomotives  and 
decided  to  adopt  electric  motors.  The  plan  adopted,  was  for  a  large 
electric  motor  car  which  acted  in  the  place  of  the  steam  locomotive 
and  hauled  the  train,  all  of  which  was  composed  of  trailers.  This 
was  the  first  regular  city  electric  elevated  railway  ever  put  into 
operation. 

Largely  as  the  result  of  the  success  of  the  intramural  railwa) 
the  Northwestern  Elevated  was  projected  in  [893,  and  the  franchise 
was  obtained  with  the  express  understanding  thai   the  road  would 
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be  operated  electrically.  This  was  the  first  electric  elevated  railway 
ever  designed,  as  such,  in  the  United  States.  This  was  also  the  first 
four  track  elevated  road  in  Chicago,  if  not  in  the  United  States. 

Xot  long  after  the  World's  Fair  the  South  Side  Elevated  Railway 
decided  to  change  its  motive  power  from  steam  to  electricity  At 
first  thought  this  no  doubt  seemed  a  comparatively  simple  problem 
but  a  little  investigation  unearthed  some  very  obstinate  difficulties 
which  seemed  almost  unsurmountable,  if  a  single  electric  locomo- 
tive were  to  be  used  to  haul  a  train  of  three  or  four  cars.  The  need 
of  long  trains  on  this  line  was  already  obvious,  but  the  structure 
was  not  heavy  enough  to  safely  carry  such  heavy  motor  cars  as 
would  be  required  to  draw  these  trains.  Mr.  Frank  Sprague,  of 
New  York,  was  invited  by  the  engineers  of  the  South  Side  Co.  to 
invesigate  the  problem  and  submit  a  plan  for  the  electrification. 
He  very  strongly  recommended  a  system  which  he  had  invented  a 
short  time  before,  of  multiple  unit  control,  by  which  every  car  in  the 
train  could  be  a  motor  car  if  desirable  and  all  could  be  operated  by 
a  master  controller  located  at  the  head  of  the  train.  This  system 
had  not  been  put  into  practical  operation  prior  to  its  use  on  the 
South  Side  road,  and  there  was  considerable  speculation  as  to  its 
practicability.  But  after  the  first  few  trials  which  developed  some 
rather  serious  miscalculations,  the  system  worked  splendidly.  The 
system  of  multiple  unit  control  has  been  very  generally  adopted  in 
all  electric  train  operation  since  its  installation  on  the  South  Side 
Elevated.  A  short  time  after  the  Chicago  Elevated  roads  had 
changed  to  electricity,  the  New  York  Elevated  followed. 

Another  interesting  electrification  problem  which  was  carried  out 
at  the  same  time  that  the  first  elevated  roads  were  changing  to  elec- 
tricity, was  the  adoption  of  electric  locomotives  for  hauling  the 
steam  train-  through  the  Belt  Line  tunnel  of  the  Baltimore  &  Ohio 
Railroad  in  Baltimore.  The  first  of  these  locomotives  was  put  in 
service  in  1895.  The  use  of  steam  locomotives  in  long  tunnels  had 
always  been  known  to  be  a  dangerous  practice,  owing  to  the  deadly 
gases  from  the  burning  coal.  There  had  already  been  a  number  of 
bad  accidents  in  tunnels  in  which  a  number  of  lives  were  lost  and 
the  need  for  a  safe  substitute  for  the  steam  locomotive  had  been 
very  urgent  for  a  long  time.  So  the  use  of  an  electric  locomotive 
for  this  purpose  was  felt  to  be  very  desirable,  and  this  effort  to  use 
an  electric  locomotive  in  the  Baltimore  tunnel  was  watched  with 
great  interest.  The  success  of  this  venture  into  an  unknown  field, 
was  assured  almost  from  the  start,  and  the  electrification  of  other 
tunnels  have  followed.  It  goes  without  saying  that  all  the  newer 
tunnels  now  being  constructed  beneath  the  rivers  in  New  York, 
Detroit  and  elsewhere  for  steam  railways,  will  be  operated  electri- 
cally, and  further  than  this,  in  many  of  the  mountain  tunnels  of  the 
west  there  is  now  under  consideration  the  electrification  of  certain 
systems  of  road  involving  these  tunnel's.  Another  circumstance  that 
makes  this  class  of  electrification  desirable  is  that  electric  locomo- 
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tives  are  much  more  efficient  than  steam  locomotives  on  heavy 
grade,  and  heavy  grades  and  mountain  tunnels  are  generally  found 
in  close  proximity. 

The  first  interurban  railway  to  be  put  in  operation  seems  to  have 
been  out  of  Cleveland,  although  it  is  hard  to  distinguish  between 
the  urban  and  the  interurban  in  many  cases  where  the  street  car 
lines  were  extended  further  and  further  out  of  the  cities  along  the 
country  roads  until  they  finally  connected  one  city  with  other  towns 
and  cities  and  thus  become  interurban. 

One  of  the  earliest  premeditated  lines  to  be  constructed  was  the 
Akron,  Bedford  and  Cleveland.  This  road  is  35  miles  long  and  was 
first  planned  in  1892  and  1893,  and  was  put  in  operation  in  1894. 
At  that  time  the  direct  current  transmission  at  a  low  voltage  was 
the  best  known  method  of  distributing  current  to  the  cars,  and  a  line 
35  miles  long  was  a  gigantic  enterprise.  In  1894  not  only  was 
high  tension  transmission  unheard  of  for  electric  railways,  but  the 
art  of  high  tension  transmission  for  any  purpose  was  only  in  its 
infancy.  It  will  be  remembered  that  it  was  not  until  the  following 
year  that  the  Niagara  Falls  transmission  line  was  put  into  operation, 
and  this  has  been  considered  the  pioneer  high  tension  transmission 
line  in  this  country,  although  there  were  some  lines  on  the  Pacific 
Coast  constructed  about  this  time. 

The  real  growth  of  the  long  modern  interurban  railway  began 
with  the  introduction  of  the  rotary  converter  and  high  tension  alter- 
nating current  transmission  into  railway  work.  The  first  practical 
proposal  for  a  line  designed  to  use  high  tension  alternating  current 
and  rotary  converter  sub-stations  seems  to  have  been  in  1896,  by 
B.  J.  Arnold,  in  plans  for  a  road  to  run  between  Chicago  and  the 
Wisconsin  Lake  region.  There  was  a  rotary  converter  used  prior 
to  this  in  connection  with  a  railway  in  Concord,  New  Hampshire, 
where  the  power  was  derived  from  a  water  power  plant,  but  this  was 
at  that  time  looked  upon  rather  as  a  makeshift.  Mr.  Arnold's  road 
to  the  lake  region  was  never  built,  but  the  plans  were  utilized  two 
years  later  upon  another  line  which  was  operated  very  successfully 
from  the  start. 

The  central  power  station  had  been  developed  in  the  meantime 
with  the  introduction  of  large  direct  connected  units,  replacing  the 
small  belted  units  previously  employed.  The  efficacy  of  this  method 
of  power  generation  had  been  proved  at  the  Chicago  Worlds  Fair 
in  connection  with  the  intramural  railway.  The  large  central  power 
station  seems  now  an  indespensible  adjunct  to  all  modern  interurban 
lines  and  is  being  substituted  for  the  small  isolated  plant  for  every 
kind  of  electric  railway.  The  intramural  power  plant  was  for  D.  C. 
current  entirely,  as  in  fact  were  all  railway  power  plants  prior  to 
1896,  but  the  principles  demonstrated  applied  equally  well  to  either 
D.  C.  or  A.  C.  distribution. 

As  soon  as  the  fact  was  fully  demonstrated,  that  long  electric 
lines  were  entirely  feasible  with  A.  C.  distribution  of  power,  the  art 
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of  electric  railroading  had  established  itself  on  a  permanent  basis. 
And  as  fast  service  was  established,  the  steam  roads'  standard  of 
construction  was  adopted.  On  the  best  lines  that  have  been  con- 
tracted in  the  last  five  or  six  years,  the  grades  and  curves  have 
been  made  very  gradual  and  the  rolling  stock  has  been  made  capable 
of  high  speeds.  The  fact  has  now  been  demonstrated  beyond  dispute 
that  as  high  speed  can  be  attained  by  electric  trains  as  by  steam 
trains,  and  there  seems  to  be  no  question  but  that  the  ease  and  safety 
will  be  favorable  to  the  electric  line. 

The  running  of  the  long  electric  lines  immediately  parallel  and 
adjacent  to  the  competing  steam  lines  has  appeared  to  the  layman 
an  inexplicable  riddle,  but  the  reasons  for  this  apparent  phenomenon 
are  sound  business  reasons. 

The  writer  predicts  that  in  the  future  the  electric  roads  will  push 
more  and  more  out  into  the  undeveloped  country,  especially  where 
water  power  is  available,  and  as  the  freight  and  express  business 
become  more  important  factors. 

The  electrification  of  steam  lines  is  becoming  an  accomplished 
fact,  as  illustrated  by  the  New  York  Central  R.  R.  in  New  York, 
and  the  other  changes  of  less  magnitude  in  the  East.  How  rapidly 
this  change  from  steam  to  electric  propulsion  of  trains  will  be  car- 
ried out  on  the  trunk  lines  is  hard  to  predict,  but  that  the  change 
will  be  made  seems  to  the  writer  a  foregone  conclusion.  The  high 
speed  electric  railway  is  with  us  to  stay.  How  great  the  change  it 
will  bring  about  in  the  civilization  of  this  country  is  not  possible  to 
predict. 

DISCUSSION. 

Mr.  W.  D.  Roper,  (Chairman;  :  The  development  of  the  elec- 
tric railway  has  been  one  of  the  marvels  of  the  age ;  the  entire 
development  having  taken  place  within  the  memory  of  nearly  all 
of  us ;  it  is  something  we  have  all  been  able  to  watch  and  note  the 
progress.  In  looking  forward  to  new  developments  in  any  line,  it 
is  expedient  to  occasionally  pause  in  our  forward  progress  and  note 
the  lines  in  which  the  development  has  taken  place. — as  a  surveyor 
\v<  uld  put  it,  in  order  to  be  sure  your  forward  progress  is  on  proper 
lines,  you  want  to  make  sure  of  your  back  sight. 

Mr.  Hatch  has  gone  very  thoroughly  over  the  development  of  the 
electric  railway  system — its  evolution  from  the  early  beginnings.  A 
great  many  of  the  early  attempts  have  been  noted  and  watched  by 
many  of  us,  and  some  of  the  illustrations  which  appeared  on  the 
screen  are  similar  to  some  of  the  scenes  here  in  Chicago. 

The  remarkab'e  development  of  the  electric  railway  system  may 
perhaps  be  compared  to  the  growth  of  the  lighting  systems  in  the 
country.  The  lighting  and  power  business  has,  as  you  all  know, 
undergone  a  very  remarkable  and  rapid  growth,  especially  in  the 
larger  cities.  In  making  a  study  of  the  electrical  development  and 
prospective  development  in  one  of  the  large  cities  some  years  ago, 
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I  found  that  the  power  used  by  the  electric  railway  systems  in  a 
number  of  the  large  cities  averaged  about  three  times  the  amount 
of  power  supplied  by  the  public  service  corporations  in  the  light- 
ing and  power  business,  and  that  ratio  is  approximately  true  at  the 
present  time,  not  only  in  Chicago  but  other  large  cities ;  that  is,  the 
total  electric  railway  power  is  about  three  times  the  total  of  the 
commercial  lighting  and  power  business.  This  may  give  one  some 
idea  as  to  the  magnitude  of  the  railway  business  as  compared  with 
the  lighting  business,  especially  as  we  add  to  that,  the  amount  of 
power  used  in  connection  with  the  very  numerous  interurban  systems. 

The  traction  systems  in  Chicago,  as  you  all  know,  have  been  very 
materially  influenced  in  the  past  few  years  by  the  franchise  ques- 
tion. That  situation  has  developed  rather  an  unusual  condition, 
especially  as  to  the  improvements,  growth,  and  extension  in  the 
past  few  years.  The  traction  companies  all  being  forced  by  public 
sentiment  to  improve  their  service,  yet  in  a  position  where  it  was 
difficult  to  secure  additional  funds  for  extension  of  their  plants,  and 
further,  in  their  negotiations  with  the  city  they  were  given  but  a 
limited  time  in  which  they  guaranteed  certain  improvements.  As 
it  was  very  difficult  to  install  additional  generating  machinery  in 
that  period,  as  well  as  difficult  to  secure  the  required  capital,  the 
traction  managers  found  that  they  could  secure  power  for  their 
purpose  in  the  required  time  from  the  Commonwealth  Edison  Co. 
In  fact  they  were  able  to  secure  power  in  this  manner  by  means 
of  underground  cables  from  the  generating  stations  of  the  lighting 
company  as  fast  as  they  could  secure  rotary  converters  and  cars. 
The  result  of  this  situation  is  that  the  local  lighting  company,  for 
several  years  past,  has  secured  all  the  increase  in  the  load  that  has 
taken  place  in  all  of  the  surface  lines  and  several  of  the  elevated 
lines.  At  the  present  time  about  half  of  the  output  of  the  local 
company  is  used  for  railway  purposes. 

Mr.  Lincoln  Nissley:  When  I  came  here  this  evening  I  did  not 
expect  to  enter  into  the  discussion  of  the  paper,  not  being  a  mem- 
ber of  this  Society,  but  the  excellent  treatment  of  the  subject  by  the 
author  of  the  paper,  ar.d  the  attractive  views  shown,  has  brought  my 
reminiscent  meed  into  play. 

The  very  early  demonstrations  that  we  have  had,  in  this  country 
especially,  have  been  very  clearly  outlined  in  Mr.  Hatch's  paper.  In 
looking  back  over  the  past,  it  seems  to  me  there  were  a  great  many 
more  engineering  difficulties  than  at  the  present  time.  Financially, 
the  early  pioneers  in  the  Electric  Railway  field  were  handicapped 
also,  owing  to  the  fact  that  very  few  capitalists  would  advance  the 
money  for  a  liberal  exploiting  of  the  systems,  and  they  were  simply 
groping  along  the  best  way  they  could.  For  instance,  the  Sprague 
motors  were  made,  not  in  one  shop  but  certain  parts  were  made  in 
one  place,  other  parts  in  another,  and  they  were  finally  assembled 
and  shipped  to  Richmond  and  other  places,  and  placed  under  old 
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horse  cars,  totally  unfit  for  the  purpose  when  compared  with  rolling 
stock  of  today. 

I  remember  visiting  the  Richmond  road,  and  in  riding  out  over 
the  road,  I  noticed  that  the  joints  on  the  track  were  bent  and  ham- 
mered down  probably  half  an  inch,  and  an  inch  in  some  cases,  on 
account  of  poor  track  construction.  Many  of  you  will  doubtless 
remember  that  it  was  thought  at  that  time  that  bonding  was  not 
necessarv,  and  the  first  bonds  used  were  galvanized  iron  bonds, 
fastened  to  the  rails  with  drift  pins. 

The  early  roads  of  Daft  were  equipped  with  cars  of  the  locomo- 
tive type,  hauling  trailers.  I  can  remember  distinctly  of  seeing  one 
of  those  types  fixed  up  as  one  of  the  big  show  pieces,  when  it  was 
considered  as  the  most  modern  car. 

An  early  type  of  car  consisted  of  the  Westinghouse  gearless 
motor  (thirty-two  of  which  were  in  operation  at  that  time),  and 
also  the  Short  gearless  motor,  but  that  type  of  motor  gradually 
dropped  out  of  use.  But  now,  in  our  heavy  locomotive  work,  we 
are  getting  back  to  the  gearless  motor  once  more. 

I  do  not  wish  to  disagree  with  anything  Mr.  Hatch  has  said  in 
his  paper,  but  I  think  credit  has  been  given  to  some  people  where 
it  does  not  belong.  For  instance,  Mr.  J.  C.  Henry  was  a  very  early 
pioneer  in  electric  railway  work.  In  1888  he  invented  a  regenerat- 
ing controller.  His  idea  was  that  when  the  car  was  going  down 
the  grades,  the  motors  would  generate  power  proportioned  to  its 
speed  and  deliver  it  back  to  the  line,  but  he  never  succeeded  in  mak- 
ing a  success  of  the  regenerating  controller. 

The  early  motors  of  Sprague,  Daft,  Henry,  Van  Depoele,  Bent- 
ley,  Knight  and  others  were  of  the  double  reduction  type.  Of  course 
we  who  have  seen  the  operation  of  those  open  motors,  know  that 
they  were  not  waterproof,  and  they  soon  deteriorated,  and  on  ac- 
count of  the  great  cost  in  keeping  them  in  repairs,  etc.,  they  were 
soon  replaced  by  the  enclosed  type,  or  waterproof  motor.  The  first 
waterproof  motor  made  in  this  country  was  manufactured  by  the 
Thomson-Houston  Co.  before  its  consolidation  with  the  Edison 
Co.  I  have  seen,  personally,  some  of  these  motors  operating  in  the 
street  where  there  were  two  or  three  feet  of  water,  and  they  oper- 
ated without  being  burned  out,  which  was  thought  at  that  time  a 
great  advance  in  the  art. 

The  evolution,  advancement  and  remarkable  progress  made  in 
the  electric  railway  field  is  beyond  any  engineering  progress  in  this 
country.  Today  our  motors  are  not  only  much  higher  in  efficiency. 
but  will  operate  from  two  to  three  months  without  any  care  what- 
ever, and  that  is  quite  an  item  when  it  comes  to  winding  up  the 
year's  affairs  and  getting  up  the  profit  and  loss  account. 

Again,  in  speaking  of  the  electrical  railway  development,  Mr. 
Hatch  is  correct  in  saying  that  the  Akron,  Bedford  and  Cleveland 
line  was  the  first  interurban  railway  in  this  country.  I  might  say 
thai  a  double  current  generator  was  manufactured  by  the  Westing- 
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house  Co.  for  this  road  for  the  purpose  of  transmitting  direct  current 
from  one  side  of  the  machine  out  a  certain  distance,  on  the  line, 
and  then  from  the  other  side  of  the  commutating  part  of  the  arma- 
ture taking  alternating  current  and  transmitting  at  a  great  distance 
or  beyond  the  economic  distance  alowable  for  600  volts  direct 
current. 

One  of  the  largest  single  phase  installations,  is  the  Indianapolis 
and  Cincinnati  railway.  The  company  has  147  miles  of  road,  and 
they  operate  at  very  high  speed,  50  ton  cars,  and  very  successfully, 
too.  Personally,  I  consider  that  that  is  the  first  successful  single 
phase  electric  railway  in  this  country  for  long  distance  interurban 
work.  Of  course  the  New  York,  Xew  Haven  and  Hartford  single 
phase  electrification  is  on  a  much  larger  scale.  The  great  contro- 
versy that  was  at  one  time  going  on  between  the  advocates  of  the 
overhead  trolley  and  the  third  rail  system  has  disappeared  entirelv 
from  the  arena.  Daft's  old  Mt.  McGregor  road  has  been  again 
brought  to  the  front  in  its  type  of  construction ;  the  Hudson  and 
Albany  line  being  a  similar  installation,  so  far  as  the  third  rail  goes. 

The  patent  controversy  was  a  great  hindrance  in  the  early  introduc- 
tion of  the  electric  railway,  and  the  large  electric  companies  spent 
several  million  dollars  annually  to  protect  patents.  This  difficutty, 
fortunately,  has  all  disappeared  from  the  field. 

As  to  the  results  of  our  interurban  railroads,  I  would  like  to  say 
this. — that  so  far  as  opening  up  communication  between  the  larger 
and  smaller  centers  of  population  is  concerned,  they  have  been  a 
great  success.  From  a  financial  standpoint,  however,  some  of  them 
have  been  failures,  for  out  of  the  fifty-seven  railways  in  Ohio  only 
eight  paid  dividends  last  year.  The  question  must  arise, — are  we 
going  to  develop  further  the  interurban  railroad  in  the  United 
States  ?  We  certainly  will  continue,  but  there  must  be  some  returns 
for  the  capital  invested;  the  railroads  must  earn  some  money  on  their 
initial  cost.  If  you  are  at  all  familiar  with  statistics  of  the  roads  in 
the  middle  west,  you  may  remember  that  the  electric  railway  costs, 
per  mile  of  road  bed,  from  $20,000  to  $30,000;  so  the  earning 
capacity  must  be  somewhere  from  $3,000  to  $4,500  per  mile  of  road 
bed  to  pay  interest  on  the  investment.  By  observing  the  statistics 
of  the  census  reports,  one  will  find  the  cost  running  up  from  $50,000 
to  $65,000  per  mile  of  road  bed,  and  that  the  earning  power  is  only 
about  $2,000  to  $5,000  per  mile,  yet  companies  are  continuing  to  go 
on  and  do  what  no  other  railroad  has  ever  done  in  a  certain  respect. 
They  have  done  what,  in  my  judgment,  the  steam  railroad  never 
did  in  its  early  days. — carry  a  passenger  for  so  small  a  fare, — deliver 
him  speedily,  safely  and  every  hour  of  the  day  at  his  destination. 
As  has  been  remarked  here  this  evening,  the  electric  railway  is  one 
of  the  marvels  of  the  age;  let  me  add  that  it  is  here  to  stay  no 
doubt,  and  will  continue  to  develop  as  a  potent  factor  in  the  vast 
transportation  systems  which  are  yet  to  be  on  this  continent. 

Mr.  IV.  E.  Symons,  M.W.S.E.  :  I  have  been  much  interested  in  this 


508  Discussion — Electric  Railwaxs 

paper  although  not  an  authority  on  the  evolution  or  development  of 
electric  railways,  or  electricity  as  a  means  of  propulsion. 

Mr.  Hatch's  paper  has  made  both  of  these  matters  very  clear, 
particularly  the  conception  and  early  development  of  electric  pro- 
pulsion, and  this  information  so  ably  prepared  ami  presented  will 
become  more  valuable  to  this  Society  and  to  the  engineering  world, 
as  time  goes  on,  and  the  records  from  which  such  information  must 
be  secured  become  more  obscure.  This  very  able  review,  together 
with  Mr.  Xissley's  remarks,  has  prompted  me  to  ask  some  questions 
of  the  author,  or  possibly  Mr.  Xissley  may  feel  disposed  to  answer 
some  of  them. 

All  of  us  who  have  observed  the  development  of  anything  of  a 
scientific  or  mechanical  nature  can  recall,  that  the  early  efforts  have 
usually  met  with  very  slight  encouragement,  and  not  infrequently 
open  ridicule,  or  hostility;  all  of  which  added  to  the  disadvantages 
to  be  overcome.  This  has  been  especially  marked  with  reference 
to  all  great  factors  in  our  modern  civilization.  Taking,  for  instance, 
the  first  efforts  to  develop  the  steam  boat:  Jchn  Fitch,  who  was  one 
of  the  first  and  most  worthy  of  recognition,  was  looked  upon  by 
-i.me  as  of  unsound  mind.  After  he  had  built  his  second  boat,  and 
with  much  effort  had  induced  some  friends,  whonVhe  hoped  to  inter- 
est both  in  a  scientific  and  financial  way,  to  inspect  the  craft,  he  said 
to  them  "Gentlemen,  it  may  be  after  my  time,  but  this  will  eventually 
1  e  the  means  of  carrying  both  freight  and  passengers  not  only  in 
our  coastwise  trade  and  rivers,  but  across  the  ocean."  As  the  friends 
turned  to  walk  away,  one  said  to  the  other  "What  a  pity  the  poor 
fellow  is  crazy."  Similar  treatment  was  accorded  the  early  invent- 
ors of  steam  locomotives ;  it  was  the  same  with  the  telephone  and 
electric  propulsion. 

Tt  is  not  a  long  time  since  a  very  bitter  controversy  was  going  on 
between  the  two  principal  leaders  in  the  electric  development  of  this 
country,  as  to  the  relative  advantages  of  their  respective  systems 
of  electric  propulsion. 

The  patents  under  which  these  two  systems  were  manufactured 
having  been  pooled  I  think  it  would  be  interesting  to  know  if  any 
conclusion  has  been  reached  between,  or  by,  these  former  contend- 
ing companies,  or  the  users  of  either  systems  as  to  which  is  the  most 
desirable,  practicable  and  economical,  and  what,  if  any.  objection- 
able features  formerly  so  strongly  emphasized  by  each  company  with 
reference  to  the  other's  system  has  in  any  measures  been  eliminated, 
or  improved  upon. 

Some  two  years  ago  the  country  was  startled  by  the  announce- 
ment in  the  public  press  of  a  terrible  railway  accident,  wherein  pas- 
sengers were  killed ;  some  having  suffered  death  by  fire.  The  news- 
papers commented  much  on  this,  and  pointed  out  that  if  electricity 
were  used  as  a  means  of  propulsion,  danger  to  passengers  and  prop- 
erty from  fire  was  impossible.  A  few  days  following  this,  how-- 
ever,  a  very  bad  accident  occurred  on  one  of  the  prominent  railways 
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running  out  of  New  York  City,  which  had  been  recently  electrified; 
the  results  in  the  latter  case  were  almost  as  disastrous,  both  to  prop- 
erty, life  and  limb  as  in  the  former.  In  fact,  if  the  newspaper  ac- 
counts were  correct,  some  of  the  passengers  suffered  death  from 
burning,  which  would  indicate  that  even  on  electric  trains  passengers 
are  not  entirely  free  from  the  danger  of  fire. 

In  the  matter  of  relative  cost  of  steam  and  electric  railways,  while 
this  does  not  come  within  the  scope  of  the  speaker's  paper,  it  would 
be  very  interesting  to  know  his  views  as  to  the  relative  cost  of  a 
horse  power  delivered  at  the  draw-bar  of  an  electric  locomotive  as 
compared  to  that  of  a  steam  locomotive. 

In  the  matter  of  electrification  of  steam  railway  terminals  referred 
to  by  Mr.  Xissley,  will  say.  there  are  a  number  of  intricate  prob- 
lems in  connection  with  work  of  this  kind,  which  yet  remain  un- 
solved ;  this  is  particularly  true  with  respect  to  the  question  of  pro- 
viding adequate  switching  facilities.  Main  line  trains  are  very  easily 
and  successfully  handled,  but  the  question  of  switching  in  the  yards 
where  trains  are  assembled  for  departure,  and  in  handling  indus- 
try track  work,  is  very  complex,  and  if  the  author  of  the  paper,  or 
Mr.  Nissley,  could  offer  some  suggestions  in  connection  with  this 
feature  of  electrification,  it  would  be  very  interesting. 

Also  if  any  data  has  been  compiled  as  to  the  schedule  of  electric 
equipment  to  date,  showing  the  number  of  electric  locomotives  in 
service  in  America  at  the  present  time. 

Mr.  Roper:  Two  of  the  speakers  this  evening  have  referred  to 
the  patent  situation.  During  the  last  ten  or  fifteen  years  this  has 
been  an  important  feature  in  electrical  developments.  About  twelve 
years  ago  I  w^as  connected  with  one  of  the  large  manufacturing 
companies — the  time  when  the  patent  situation  was  at  its  worst. 
At  that  time  one  of  the  largest  manufacturing  companies  controlled 
the  patents  on  the  controller  and  the  trolley.  Another  company  con- 
trolled the  polyphase  transmission  patents,  as  well  as  the  funda- 
mental patents  on  transformers.  These  were  the  principal  patents, 
and  each  company  was  very  industrially  engaged  in  collecting  tes- 
timony and  evidence  of  various  kinds  which  would  render  void  the 
patents  of  the  other  company.  Personally,  I  was  engaged  in  making 
experiments  on  some  machines  which  had  been  brought  over  from 
Paris,  which  had  been  in  use  some  ten  or  fifteen  years  before  that 
time,  and  which  combined  all  the  elements  of  the  modern  polyphase 
alternator.  These  machines  were  built  by  Mr.  Gramme  and  were 
two-phase  revolving  field  machines  with  removable  pole  pieces. 
We  succeeded  in  running  one  as  a  two-phase  generator  and  one 
as  a  self-starting  two-phase  motor.  The  indications  at  that  time 
were  that  each  company  would  be  successful  in  producing  informa- 
tion that  would  nullify  the  patents  of  the  other.  About  this  time 
it  developed  that  if  each  succeeded  in  doing  this  it  would  immedi- 
ately open  up  the  entire  field  to  all  competitors,  and  so,  rather  than 
do  this,  they  apparently  agreed  that  it  would  be  a  better  commer- 
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rial  solution  of  the  problem  to  pool  the  patents  than  to  nullify  all 
their  patents  and  thereby  open  up  the  entire  field.  Shortly  afterward, 
the  experiments  were  discontinued,  and  the  matter  quieted  down,  and 
not  many  months  afterwards  the  patent  agreement  appeared. 

Mr.  Hatch :  I  am  not  prepared  at  this  time  to  answer  the  ques- 
tions which  Mr.  Symons  has  asked. 

Mr.  Nissley :  The  reference  I  made  to  patents  was  simply  to 
bring  out  the  point  that  we  had  great  success  after  pooling  the 
patents,  and  I  think  the  Chairman  has  voiced  my  sentiments  and 
answered  that  question.  While  I  might  have  been  a  little  perverse 
at  that  time  in  making  that  statement,  it  has  had  nevertheless  great 
influence  in  forwarding  the  electrical  industry. 

Mr.  Ceo.  M.  Mayer,  m.w.s.e.  :  Referring  to  some  details  which 
the  speaker  of  the  evening  brought  up— the  brush  troubles  more  in 
particular.  The  motor  was  not  perfected  .at  that  time,  and  a  good 
deal  of  sparking  from  the  metal  brushes  was  met  with,  hence  the 
commutator  of  the  dynamos  or  motors  had  to  be  turned  down  fre- 
quently. This  trouble  was  avoided  through  the  introduction  of  the 
carbon  brush.  The  electric  cars  were  merely  remodeled  horse  cars, 
and  followed  no  particular  design  in  conformance  with  the  general 
equipment.     This  matter,  as  we  know,  was  adjusted  later  on. 

Mr.  Roper:  The  tractive  effort  of  a  steam  or  electric  locomotive 
is  largely  a  matter  of  weight.  The  electric  locomotive,  with  the  same 
weight,  can  probably  produce  a  little  larger  tractive  effort,  because 
it  has  a  more  uniform  pull  than  a  steam  locomotive. 

There  have  been  a  number  of  amusing  instances  along  that  line, 
one  of  which  I  learned  recently  from  one  of  the  engineers  of  the 
Xew  York  Central  Railroad :  One  of  their  steam  locomotives  used 
for  drawing  tarins,  in  going  through  the  tunnel  near  the  Grand 
Central  Station,  stopped  and  was  unable  to  start  up  the  grade. 
Shortly  afterward,  another  train  came  along,  and  the  second  loco- 
motive was  unable  to  push  the  first  one  out.  This  trouble  was  prob- 
ably aggravated  by  the  gas  and  fumes  in  the  tunnel,  but  the  fact 
remains  that,  shortly  after  this  a  third  train  came  along  with  an 
electric  locomotive,  and  succeeded  in  pushing  the  two  trains  out. 
This  incident  created  considerable  comment  at  the  time,  and  the 
steam  locomotive  engineers  could  not  understand  how  the  electric 
locomotive  was  able  to  develop  sufficient  power  for  the  purpose. 
Local  conditions  were  probably  a  large  factor  in  the  case,  and  the 
electric  locomotive  was  not  at  all  bothered  by  the  fumes  and  gases 
in  the  tunnel.  Also,  the  electric  motor,  as  we  all  know,  has  the  power 
of  developing  considerable  overloads  for  a  short  period  without  any 
difficulty  whatever. 

Mr.  Symons:  It  is  barely  possible  that  my  question  with  reference 
to  the  relative  cost  of  steam  and  electric  horse  power  was  not  made 
perfectly  clear.  What  I  wish  to  get  at  is  the  cost  of  producing  a 
horsepower  at  the  draw  bar  of  any  particular  unit  that  might  be 
considered.     To  make  the  matter  more  clear,  we  will  consider  the 
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steam  locomotive ;  among  the  most  efficient  engines  that  were  tested 
on  the  testing  plant  at  the  St.  Louis  Exposition  one  of  these  deliv- 
ered a  horsepower  at  the  draw  bar  with  a  consumption  of  2'j  lbs. 
of  coal  per  hour.  In  actual  service  on  the  road  in  handling  trains, 
however,  the  amount  of  coal  would  be  very  much  in  excess  of  this, 
possibly  more  than  double;  this  for  various  reasons;  the  conditions 
are  less  favorable  on  roads  in  every  way,  the  engines  being  outdoo 
there  is  greater  loss  of  heat.  Again,  the  quality  of  coal  furnished  for 
use  in  laboratory  work  is  invariably  good,  while  that  furnished  on 
the  road  is  universally  of  a  more  inferior  quality.  Therefore,  the 
number  of  pounds  of  coal  consumed  per  horsepower  would  prob- 
ably run  about  5  under  the  most  favorable  conditions,  and  fre- 
quently to  8  or  10  lbs.  where  the  coal  was  bad,  and  it  was  the  rela- 
tive quantity  of  fuel  consumed  necessary  to  produce  a  horsepower 
at  the  draw  bar  between  the  electric  and  steam  locomotive,  which  I 
had  in  view. 

The  pulling  capacity  of  any  locomotive,  as  the  Chairman  has  well 
said,  is  governed  largely  by  its  weight,  as  the  weight  bears  a  direct 
relation  to  the  ratio  of  adhesion,  which  in  steam  locomotives  for 
freight  service  is  usually  about  1  to  4>4  or  5,  while  with  passenger 
locomotives  it  is  usually  about  1  to  5. 

The  amount  of  tonnage,  or  weight  of  trains  that  a  locomotive 
will  start  depends  on  a  number  of  things:  Principally,  the  tractive 
power  of  the  engine;  the  condition  of  the  rail  has  much  to  do  with 
this,  and  in  the  matter  of  the  speed  of  trains  the  size  of  the  boiler 
and  the  relative  ratio  between  cylinder  volume,  heating  surface, 
evaporating  surface  and  grate  area  are  all  controlling  factors  in 
the  effiicency  of  the  machine,  and,  therefore,  governs  its  perform- 
ance. The  type  of  steam  locomotive  in  most*  common  use  has  a 
less  starting  efficiency  than  an  electric  locomotive  of  the  same  weight 
for  the  reason,  that  the  torque,  or  turning  moment  of  the  electric 
locomotive  is  maximum  and  constant  at  all  points,  and  at  all  times, 
while  the  steam  locomotive  referred  to,  has  dead  points,  which 
effects  its  efficiency  or  power.  This  principle  is  very  clearly  shown 
in  the  improved  steam  locomotive  of  the  4  cylinder  balanced  type, 
which  provides  a  more  constant  turning  moment,  or  torque,  which 
approaches  very  closely  to  the  efficiency  of  an  electric  locomotive  in 
the  matter  of  starting  from  a  period  of  rest.  The  question  of  effi- 
ciency to  move  trains  of  a  given  weight  over  certain  distance,  how- 
ever, is  governed  entirely  by  the  size  of  the  boiler,  and  its  ability 
to  provide  steam  for  this  purpose.  The  limitations  of  a  steam  loco- 
motive is,  therefore,  fixed  and  determined  by  the  size  of  its  boiler, 
while  that  of  an  electric  locomotive  is  governed'  by  the  power  plant 
where  the  electricity  is  generated  for  its  propulsion. 

Mr.  Roper:  Regarding  the  starting  and  accelerating  of  trains, 
some  of  you  may  recall  the  experiments  carried  on  some  years  ago 
by  the  New  York  Central  R.  R.  They  had  a  track  several  miles  in 
length  built  by  the  side  of  their  main  track  ;  they  had  a  dummy  train, 
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consisting  of  the  standard  passenger  train,  loaded  with  sand  bags. 
After  they  got  in  full  working  order,  one  of  the  favorite  "stunts" 
of  those  in  charge  of  the  electric  train  was  to  get  at  one  end  of 
their  experimental  track  and  then  wait  until  one  of  the  fast  trains 
came  along  at  full  speed.  The  electric  locomotive  would  start  as  the 
engine  of  the  fast  train  came  alongside  and  would  then  accelerate 
so  fast  that  the  two  would  be  running  at  the  same  speed  before 
the  last  car  of  the  steam  train  got  by  the  electric  train. 

Mr.  Nissley :  Air.  Chairman,  you  have  expressed  it  very  well 
indeed  when  you  stated  that  the  advantage  of  the  electric  locomotive 
over  the  steam  was  first  the  large  capacity  of  the  electric  locomotive 
for  overload,  and,  second,  its  very  high  acceleration. 

As  Mr.  Symons  has  stated,  it  is  not  always  possible  to  get  the 
full  benefit  of  the  steam  locomotive,  owing  to  certain  conditions, 
such  as  quality  of  coal,  draft,  temperature,  conditions  of  track,  etc. 
The  rating  of  a  steam  locomotive  is  based  on  the  maximum  tractive 
effort  which  it  is  capable  of  giving,  while  its  capacity  depends  on 
the  maximum  speed  at  which  this  tractive  effort  may  be  developed. 

The  maximum  rate  of  dong  work,  therefore,  for  which  it  is  possi- 
ble to  design  a  steam  locomotive  is  established  by  practical  limitation 
as  to  steaming  capacity  of  the  boiler  and  width  and  length  of  fire 
box. 

The  electric  locomotive  on  the  other  hand  does  not  generate  its 
own  power,  but  acts  nearly  as  a  transmitting  medium  through  which 
electric  power  delivered  to  the  locomotive  is  converted  into  mechan- 
ical power  at  the  driving  axles.  Each  driving  axle  of  an  electric 
locomotive  being  equipped  with  a  motor,  the  size  and  horsepower 
which  is  limited  by  the  speed  at  which  it  operates,  by  the  gage  of 
the  track,  and  by  the  diameter  of  the  whole,  it  becomes  only  neces- 
sary to  provide  a  sufficient  number  of  driving  axles  to  permit  the 
electric  locomotive  to  deliver  the  greatest  tractive  effort  that  the 
draw  bars  of  a  train  will  stand  at  any  speed  permitted  by  considera- 
tions of  safety  in  operation,  and  reasonable  cost  of  track  mainte- 
nance. 

Herein  lies  the  chief  advantage  of  the  electric  locomotive,  the 
increase  in  speed  of  the  heavy  freight  trains  making  it  possible  to 
double  and  in  many  cases  triple  the  tonnage  capacity  and  conse- 
quently the  earning  power  per  mile  of  track.  For  example,  the  most 
powerful  steam  locomotive  in  existence — the  six-axled,  twelve- 
wheeled,  Mallet  Articulated  Compound,  built  by  the  American  Loco- 
motive Co.,  for  the  B.  &  O.  R.  R. — will  develop  its  maximum 
effort  of  71,500  lbs.  working  compound  at  a  speed  of  less  than  10 
miles  per  hour,  whereas  an  eight-axle  electric  locomotive  having  the 
same  weight  on  drivers,  and  composed  of  two  four-axle  sections, 
coupled  together,  could  be  made  to  develop  an  equal  tractive  effort 
at  a  speed  of  30  miles  per  hour. 

It  will  be  seen  that  such  an  electric  locomotive  could  handle  three 


Discussion — Electric  Railways 

times  the  daily  tonnage  of  the  Mallet  Compound,  increasing  the 
traffic  capacity  of  the  road  in  the  same  proportion. 

The  paper  so  ably  presented  here  this  evening  by  the  author 
should  be  of  especial  value  to  the  younger  members  of  the  pro- 
fession of  engineering,  in  spreading  before  them  the  entire  results 
of  nearly  twenty  years  of  accurate  information  of  the  more  or  less 
chaotic  experiments  which  have  led  up  to  the  comparatively  staple 
standardization  of  today. 

It  is  generally  difficult  to  see  the  end  from  the  beginning,  and  the 
application  of  electricity  to  transportation  is  no  exception.  It  is 
therefore  no  small  satisfaction  to  know  that  the  electric  railway  as 
first  installed  formed  the  basis  of  the  world's  greatest  and  most 
pregnant  industry. 


THE  PASSING  OF  THE  STEAM  LOCOMOTIVE 

By  Wilson  E.  Symons,  m.w.s.e. 

Presented  Feb.  19,  1908. 

INTRODUCTORY. 

The  title,  under  which  this  history  of  the  development  of  the 
steam  locomotive  will  be  reviewed  is  somewhat  ambiguous,  if  not 
misleading.  An  apology  for  its  use  lies  in  the  fact,  that  a  large  per- 
centage of  the  English  speaking  people,  particularly  residents  of  the 
United  States  who  are  in  touch  with,  and  are  more  or  less  familiar 
with  the  development  of  commerce,  transportation  and  the  growth 
of  the  country,  have  very  little,  if  any,  knowledge  of  the  origin, 
growth  and  development  of  one  of  the  greatest  factors  in  American 
civilization,  and  many,  some  of  whom  are  authority  on  the  greatest 
problems  of  the  day,  actually  believe  that  the  term  used,  "Passing  of 
the  Steam  Locomotive,"  is  appropriately  applicable  in  its  literal 
sense. 

It  would,  therefore,  seem  not  inappropriate  to  review  the  history 
and  development  of  the  steam  locomotive  and  let  this  review  serve 
as  an  answer  to  such,  as  may  be  laboring  under  an  erroneous  impres- 
sion, and  at  the  same  time  possibly  indicate  in  a  limited  degree  the 
probable  field  of  future  activity  to  which  this  most  potent  factor  in 
our  commercial  and  financial  progress  will  be  called  into  requisition. 
To  this  end,  and  in  order  that  the  comparison  may  be  sufficiently 
striking  to  warrant  this  review  of  its  development,  not  only  the  ear- 
lier history  should  be  considered,  but  the  starting  point  should  be 
from  that  earlier  thought  of  the  application  of  nature's  forces  to  the 
uses  of  man  ;  it  would,  therefore,  seem  eminentlv  proper  to  refer 
first,  to  the  "NEWTON"  of  1680: 

The  "Newton"  of  1680  represents  the  first  efforts  of  Sir  Isaac 
Xewton  in  his  application  of  steam  power  to  move  a  vehicle.  New- 
ton's conception  or  application  of  this  force  being  practically  the 
same  as  Hero's,  but  the  idea  of  making  it  serve  as  a  means  of  pro- 
pulsion was  his  own,  and  in  the  odd  and  curiously  shaped  vessel,  or 
cauldron,  which  pretty  much  resembles  a  large  kettle  with  a  top  fas- 
tened on  so  as  to  prevent  steam  escaping  to  the  atmosphere.  There 
was  an  outlet  in  the  rear,  operated  by  a  handle  from  the  seat  in  front, 
-'I  as  to  regulate  the  flow  of  steam  which  reacting  against  the  atmos- 
phere propelled  the  vehicle  in  the  opposite  direction.  We  have  here 
what  might  be  termed  the  first  step  toward  the  modern  steam  locomo- 
tive, and  although  the  device  looks  very  odd  and  curious,  and  doubt- 
less was  looked  upon  as  the  work  of  a  crank,  yet  the  engineering 
world  owes  much  to  Sir  Isaac  Newton  as  one  of  its  original  en- 
gineers. 

In  1 68 1 ,  1683,  1695,  1703,  1707,  1718,  1720,  1737,  1750,  1760  and 
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1767,  were  the  efforts  and  experiments  of  Papin,  Moreland,  Savary, 
Newcomen,  Potter.  Beighton,  Neupold,  Whitehaven  and  IVEurdock, 
the  last  having  produced  a  curious  looking  machine  in  17X4,  which 
was  operated  by  steam  through  the  medium  of  a  crank  axle. 


*,0^' 


The  Newton  Steam  Locomotive. 

About  this  time  Watt  appears  upon  the  scene.  His  principal  ex- 
periments or  field  of  operations,  had  been  that  of  pumping  water  out 
of  mines.  His  friend,  Dr.  Robinson,  however,  had  been  importuning 
him  to  apply  steam  power  to  the  moving  of  carriages,  and  as  a  re- 
sult, he  and  his  partner,  Bolton,  constructed  a  steam  carriage,  which 
they  termed  a  "Fiery  Chariot."  In  1769  Watt  took  out  a  patent  on 
his  first  rotary  engine. 

In  1786  William  Symington's  conception  of  a  steam  carriage  on 
three  wheels,  the  front  wheel  guiding  it,  was  produced,  in  which  for 
the  first  time  provision  was  made  for  carrying  passengers  in  a  coach 
body  supported  and  carried  by  three  wheels. 

The  "Holland  Sail  Chariot'-  of  1765  and  Cugnot's  steam  wagon 
used  for  the  handling  of  artillery,  and  the  Murdock's  .-team  wagon  in 
1784  were  fore-runners  of  the  Symington's  steam  carriages  of  1786. 

In  [799  <  'liver  Evans  in  the  United  States  perfected  a  high  pres- 
sure, non-condensing  steam  engine,  which  was  later  applied  to  sta- 
tionary use. 

In  1800  and  1803  Richard  Trevithick  produced  two  steam  pro- 
pelled vehicles  ;  the  one  in  1803  being  a  steam  carriage  for  the  con- 
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vevance  of  passengers.  The  first  one  was  for  a  rack  rail  road,  while 
a  similar  machine  developed  by  him  in  1801  was  intended  for  high- 
ways, as  was  also  the  steam  carriage  of  1803.  His  locomotive  of 
1803,  together  with  a  farther  development  in  1805  and  1808  were  in- 
tended for  use  on  tramways.  These  were  operated  on  the  Merthyr 
Tydvil  railway  in  South  Wales,  and  would  propel  wagons  containing 
ten  tons  of  iron.    This  feat  was  accomplished  on  a  bet  of  50  guineas. 

"The  Blenkinsop"  engine  of  1812  was  a  still  farther  development 
of  the  rack  rail  device;  this  was  introduced  by  Christopher  Blackett 
on  his  tramway  at  Wylan,  which  had  been  altered  to  suit  this  type  of 
an  engine  after  the  "Trevithick"  had  finally  blown  up,  after  being 
coaxed,  bullied  and  prodded  by  the  workmen.  The  experience  with 
the  "Blenkinsop'"  it  is  said,  was  almost  as  disastrous  in  results  as 
with  the  "Trevithick,"  and  although  it  did  not  blow  up,  it  is  claimed 
that  a  magnifying  glass  was  required  to  detect  its  motion,  and  that 
more  horses  were  required  to  keep  it  upon  the  track  than  would  have 
been  necessary  to  propel  the  load  the  engine  was  supposed  to  haul. 
The  locomotive  finally  rolled  over  the  embankment  and  thus  ended 
its  career. 

Various  experiments,  and  so  called  improvements,  including  the 
"Brunton"  of  1813,  which  seemed  to  be  on  the  order  of  a  steam  walk- 
ing man,  brings  us  up  to  the  "Puffing  Billy."  This  was  the  product 
of  the  brain  of  Mr.  Hedley,  a  new  candidate  for  locomotive  honors, 
who  after  a  successful  experiment  with  his  testing  carriage,  simply 
a  frame  work  mounted  on  four  wheels,  in  which  he  was  the  first  to 
demonstrate  in  a  practical  way  the  adhesion  of  smooth  wheels  to 
smooth  rails,  proceeded  to  build  his  locomotive,  the  "Puffing  Billy" 
upon  the  principle  he  had  proven  to  be  correct.  The  "Billy"  accom- 
plishing with  comparative  ease  the  work  of  ten  horses.  Hedley  find- 
ing the  weight  of  this  locomotive  on  four  wheels  was  detrimental  to 
the  track,  doubled  the  number  of  wheels,  and  thus  experimentally 
produced  the  first  eight  wheeler ;  this  not  proving  satisfactory,  how- 
ever, he  returned  to  the  four-wheel  style,  strengthening  the  plates  of 
the  roadway  to  meet  the  requirements. 

A  number  of  different  types  were  produced  about  this  time,  show- 
ing more  or  less  the  trend  of  thought  which  occupied  the  minds  of 
engineers  of  the  day.  In  1816  Stephenson  brought  out  an  engine 
bearing  his  name,  which  was  built  at  the  \Yest  Moor  shops  of  the 
Killingworth  Colliery,  this  being  his  third  locomotive,  and  one  in 
which  he  introduced  steam  springs,  an  arrangement,  which  proved 
defective  in  principle,  and  was  soon  abandoned. 

Considerable  development  in  steam  carriages  for  public  highway 
use  were  shown  in  the  inventions  of  Griffith  in  1812  and  of  James, 
Burstall,  Hill  and  Gordan  in  1824.  In  1825,  the  "Killingworth,"  a 
locomotive  designed  and  built  by  Stephenson,  was  brought  out  in 
which  he  abandoned  entirely  the  endless  chain,  substituting  outside 
coupling  rods,  which  connected  the  front  and   rear  wheels.     Steel 
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springs  are  first  introduced  by  Stephenson  in  this  engine,  together 
with  an  innovation  in  the  position  of  cylinders,  thus  making  the 
locomotive  more  compact,  in  a  better  form,  and  getting  rid  of  nu- 
merous rods  and  joints. 


An  Earlj-  English  Locomotive,  the  "Puffing  Billy." 
(From  an  old  print.) 

In  1827  the  "Royal  George,"  a  four-cylinder  locomotive  built  by 
the  Wilsons  of  Newcastle,  one  year  prior  for  the  Stockton  and  Dar- 
lington road  and  which  had  not  proved  a  success,  was  rebuilt  and 
re-christened  the  "Royal  George."'  This  engine  was  so  radically 
changed  as  to  cause  much  comment,  and  this  was  practically  the 
first  introduction  of  the  steam  blast,  and  on  a  well  calculated  princi- 
ple. The  "Royal  George"  demonstrated  a  capacity  far  ahead  of  any 
other  locomotive  in  England  at  that  time. 


DEVELOPMENT  IN   AMERK  A. 

The  review  thus  far.  which  pertains  to  the  earlier  effort-  of  loco- 
motive designers  abroad,  brings  us  up  to  a  period  when  the  intro- 
duction of  the  locomotive  was  first  considered  in  America,  and  in 
order  that  the  difficulties  and  obstacles  which  wore  necessary  t< 
overcome  in  America  by  the  original  promotors  of  the  steam  locomo- 
tive may  be  better  appreciated,  T  quote  from  the  report  of  a  Special 
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Board  of  Commissioners  appointed  by  the  legislature  of  Pennsylvania 
in  1831,  who  were  authorized  to  thoroughly  investigate  and  report 
upon  the  practicability  of  the  construction  of  railways,  and  the  ad- 
visability of  the  State  lending  any  assistance  to  such  a  project.  A 
quotation  from  their  report  is  as  follows : 

"While  the  Board  avow  themselves  favorable  to  railroads 
where  it  is  impracticable  to  construct  canals,  or  under  some 
peculiar  circumstance,  they  can  not  forbear  expressing  their 
opinion  that  the  advocates  of  railroads  generally  have  over-rated 
their  comparative  value  ;  the  Board  believes  that  notwithstanding 
the  improvements  that  have  been  made  in  railroads  and  locomo- 
tives it  will  be  found  that  canals  are  from  two  to  two  and  one- 
half  times  better  .than  railroads  for  the  purposes  required  of 
them  by  the  State  of  Pennsylania,  and  they  again  repeat  that 
their  remarks  flow  from  no  hostility  whatever  to  railways,  for 
next  to  canals  they  are  the  best  means  that  have  been  devised  to 
cheapen  transportation." 

At  the  time  this  Report  was  submitted  in  183 1,  the  population  of 
the  United  States  (26  States)  was  13,000,000,  principally  in  eight 
I  8  I  States,  with  an  approximate  area  of  362,000  square  miles,  and 
an  average  population  of  twenty-four  (24)  per  square  mile.  That 
same  area  now  has  population  of  ninety   (90)  per  square  mile,  an 


100  Ton  Locomotive.   Erie  R.  R. 

increase  of  2j-?  per  cent.  The  State  of  Pennsylvania  was  at  that 
time  the  principal  commonwealth,  exerting  a  marked  influence  over 
the  transportation  and  commercial  interests  of  the  country.  The 
steam  locomotive  was  at  that  time  destined  to  play  that  important 
part  in  the  development  and  upbuilding  of  the  country,  which  a  his- 
tory of  it>  progress  will  clearly  show. 
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The  first  locomotive  of  which  we  have  any  authentic  record  in 
America  is  the  Stourbridge  Lion.  This  first  steam  locomotive  used 
on  the  American  Continent,  was  brought  from  England  by  the  Dela- 
ware &  Hudson  Canal  Co.,  and  placed  in  service  b\  Horatio  Allen, 
the  celebrated  pioneer  engineer,  near  Honesdale,  Pa.,  August,  1829, 
on  what  is  now  a  part  of  the  Erie  Railroad  system.  Therefore,  the 
"Erie"  holds  the  proud  distinction  of  having  used  the  first  steam 
locomotive  in  America  on  its  tracks,  and  also  at  present  owning  and 
operating  the  largest  steam  locomotive  in  the  world.  The  "Stour- 
bridge Lion"  weighed  7  tons,  which  Mr.  Allen,  chief  engineer,  de- 
cided was  too  heavy  for  their  trestles.  His  report  closed  its  useful- 
ness, it  being  laid  away  and  gradually  dismantled.  The  pieces  were 
collected  together,  however,  in  1905,  and  with  some  additions  put 
together,  and  it  is  now  in  the  Smithsonian  Institute,  Washington, 
D.C 


"Old  Ironsid' 

Concerning  "Old  Ironsides,"  the  first  locomotive  built  by  the  Bald- 
win Locomotive  Works  at  Philadelphia,  it  would  seem  eminently 
proper  to  give  here  some  facts  dating  from  the  completion  of  its  first 
locomotive.  The  guiding  spirit  in  this  enterprise,  and  the  one  to 
whom  credit  is  due  for  its  existence  and  the  great  benefit  it  has  been, 
and  is  today  in  the  commercial  world,  was  Mr.  Matthias  W.  Baldwin, 
whose  picture  is  herewith  presented.  Mr.  Balwwin  was  born  in 
Elizabeth.  N.  J.,  on  December  10th,  1795,  and  learned  the  trade  of  a 
jeweler ;  in  this  connection  it  might  be  mentioned  that  the  principal 
locomotive  builders  of  the  early  days  were  jewelers  or  silversmiths. 

In  1825  Mr.  Baldwin  formed  a  partnership  with  Mr.  David  Mason, 
a  machinist,  for  manufacturing  tools  and  cylinders  for  printing  cali- 
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cos ;  their  business  prospered,  and  steam  power  became  necessary 
but  the  engine  they  bought  for  this  purpose  proved  unsatisfactory; 
Mr.  Baldwin  designed  and  built  an  engine  suitable  for  their  require- 
ments, and  in  a  short  time  it  proved  so  efficient  that  he  received  out- 
side orders  for  additional  engines.  This  engine,  the  original  upright 
stationary,  built  in  1830  is  still  in  good  order,  and  is  carefully  pre- 
served at  the  Baldwin  Works,  in  Philadelphia. 


M.  W.  Baldwin. 

About  this  time  a  number  of  locomotives  were  imported  from  Eng- 
land, and  one  was  built  at  the  West  Point  Foundry  in  NewT  York  in 
1 83 1.  Mr.  Baldwin  completed  a  locomotive  for  exhibition  in  a  mu- 
seum, and  the  success  of  the  model  was  such  that  he  received  his  first 
order  for  a  locomotive  from  the  Philadelphia,  Germantown  &  Nor- 
ristown  R.  R.  Co.  In  those  early  days  it  was  almost  a  superhuman 
task  to  undertake  such  a  work  ;  mechanics  were  scarce,  suitable  tools 
were  hard  to  obtain,  cylinders  had  to  be  bored  with  a  chisel  fastened 
in  a  block  of  wood,  while  blacksmiths  who  could  weld  bars  of  iron 
1^2  in.  in  diameter  were  extremely  few;  therefore,  Mr.  Baldwin, 
although  the  designer  had  to  do  the  work  himself,  and  at  the  same 
time,  educate  such  men  as  assisted  him  to  do  their  work.    The  work, 


Symons — Passing,  of  Steam  Locomotive 


521 


however,  was  prosecuted  to  the  end,  the  locomotive  was  complete!, 
and  tried  in  November,  1832.    This  was  the  famous  "Old  Ironsides" 
engine,  and  at  the  time  of  its  construction,  thirty  men  were  emplo 
in  the  works. 

The  increased  number  of  engines  constructed  by  the  Baldwin  Loco- 
motive Works,  together  with  the  number  of  men  employed  during 
[832  to  1907  are  as  follows: 


Year 

1832 

1837 

1854 

i855 
1884 

"1890 

1900 

1906 


Jo.  of 

No.  Men 

ines  Built 

Employed 

1 

30 

40 

300 

62 

500 

47 

43* ' 

429 

2,377 

946 

4493 

1,217 

8,208 

2,652 

I7432 

During  the  period  1832  to  1840  the  number  of  me'n  employed  had 
gradually  increased  from  30  to  300,  and  the  average  weight  of  these 
locomotives  was  between  20,000  and  26,000  pounds,  or  from  to  to 
13  tons.  During  the  period  1842  to  1854  the  number  of  men  em- 
ployed had  been  increased  to  500. 


An  Early  American   Locomotive. 

I  From  an  old  print.) 

During  the  peri<  d  1855  to  1860  the  principal  engines  which  were 
constructed  wen-  those  that  are  at  the  present  time  styled  the  "Amer- 
ican,  or   Eight-wheel   Type"   of   locomotive.      From    1861    to    1865, 
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which  covers  the  period  of  our  Civil  War,  trade  being-  very  much 
unsettled,  there  was,  of  course,  a  noticeable  falling  off  in  the  building 
of  locomotives :  following  this  period  of  depression,  much  activity- 
was  shown  and  in  1866  the  "Consolidation"  type  first  came  into  use 
and  the  following  year  the  "Mogul." 

Mr.  Baldwin  died  in  1866,  and  aside  from  having  contributed  more 
to  the  development  of  the.  steam  locomotive  as  a  complete  unit  than 
any  other  man  of  his  day,  he  was  also  the  inventor  of  many  of  the 
most  important  and  essential  details  entering  into  its  construction  at 
that  time,  and  many  of  which  are  still  retained  and  in  use  at  the 
present  time. 

A  comparison  of  the  Baldwin  Locomotive  Works,  which  consisted 
of  Mr.  Baldwin  and  a  few  handful  of  men  in  1832,  and  the  Baldwin 
Locomotive  Works  at  the  present  day,  which  organization  is  based 
upon  an  annual  output  of  2,600  locomotives  is  as  follows : 

Number  of  men  employed 19,000 

Hours  of  labor  per  man  per  day 10 

Principal  departments  run  continuously,  hours  per  day 23 

Horse  power  employed     (Steam    engines)     12.138 

Horse  power  employed     (Oil   engines)    4,850 

Total  horse  power 16,988 

X umber  of  buildings  comprised  in  the  works '     47 

Acreage  comprised  in  works  (Philadelphia) 17.8 

Acreage  comprised  in  works  (Eddystone) 184.8 

Acreage  of  floor  space  comprised  in  buildings ,.  . .     63.2 

Number  of  dynamos  for  furnishing  light  (Arc) 16 

X' umber  of  dynamos  for  furnishing  light  (Incandescent) 7 

Horse  power  of  electric  motors  employed  for  power  transmis- 
sion  (aggregate)    , 14,200 

Number  of  electric  lamps  in  service  (Incandescent) 7,000 

Xumber  of  electric  lamps  in  service  (Arc) ,      951 

Number  of  electric  motors  in  service 1,1 15 

Consumption  of  coal,  in  net  tons  per  week,  about 3,000 

Consumption  of  iron,  in  net  tons  per  week,  about 5,000 

Consumption  of  other  materials,  in  net  tons  per  week,  about .  .  1 ,460 
Approximate  value  of  one  year's  output. $35,000,000 

The  American  Locomotive  Co.  are  about  on  the  same  basis  of 
force  and  output. 

The  country  in  general  was  enjoying  an  unusually  industrial  boom 
with  the  incoming  of  the  20th  century.  The  general  prosperity  re- 
sulting in  extra  demands  for  all  kinds  of  transportation ;  the  natural 
result  was  a  general  increase  both  in  the  number  and  capacity  of 
both  cars  and  engines.  A  special  feature  or  departure,  however, 
from  the  conventional  lines,  which  had  been  followed  in  locomotive 
construction  were  noted  in  improvements ;  the  inventions  of  Mr.  Cor- 
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nelius  Vanderbilt,  a  mechanical  engineer,  received  much  deserved 
attention  from  the  railroad  and  engineering  world  at  that  time;  par- 
ticularly so  in  connection  with  a  new  type  <>\  locomotive  tender  and 
fire-box,  the  first  being  applied  to  a  ten  wheel  locomotive  built  for  the 
Illinois  Central  R.  R.  and  exhibited  at  the  Pan-American  Exposition 
at  Buffalo,  New  York.  The  advent  of  the  four  cylinder  balanced 
compound  engine,  however,  so  closely  followed  this,  that  a  picture 


FIRST   FOUR  CYLINDER   BALANCED  COMPOUND   LCCCKOT1VC 
PUILT   IN   AMERICA        MARCH       1902  • 


A  Heavy  Duty  Modern  Locomotive. 

is  herewith  presented  of  the  first  engine  of  this  latter  tvoe  built  in 
America.  This  was  the  20,000th  locomotive  constructed  In  the  Bald- 
win Locomotive  Works,  its  completion  being  in  February,  1902.  The 
special  feature  was  the  balanced  principle,  together  with  the  pre- 
viously mentioned  cylindrical  tank,  and  fire-box.  inventions  of  Mr. 
Vanderbilt.  The  tender  design  and  construction  is  clearly  shown  in 
the  illustration. 

Following  the  completion  of  the  first  balanced  compound  engine, 
and  the  importance  attached  to  its  superiority  over  other  types  with 
respect  to  track  maintenance,  through  the  elimination,  to  a  great  ex- 
tent, of  the  injurious  effects  of  the  hammer  blow  on  the  rails,  its 
merits  seemed  to  be  recognized,  and  between  the  time  of  the  con- 
struction of  the  first  one,  and  the  present  time,  there  have  been  built 
approximately  370  which  are  in  service  on  American  Railways.  The 
principal  builder  was  the  Baldwin  Locomotive  Works,  although  en- 
gines of  this  kind  are  also  built  by  the  American  Locomotive  Work., 
which  have  given  excellent  results  both  in  actual  service  on  the  road 
and  in  testing  plants. 

One  particular  railway  has  in  service  more  of  these  engines  than 
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any  other,  namely,  the  Atchison,  Topeka  &  Santa  Fe  Ry.  which  has 
two  hundred  and  fifty. 

The  one  objectionable  feature  to  this  type  is  the  crank  axle,  which 
has  been  regarded  by  some  as  its  weak  point.  The  materials  and 
methods  employed  in  manufacture  however,  have  improved  to  such 
a  degree  that  the  axles  are  now  made  principally  in  built-up  sections 
being  composed  of  seven  (7)  pieces,  which  are  pressed  together  in  a 
hydraulic  machine,  the  center  member  being  cast  steel.  This  form  is 
heavier  than  the  solid  forged  type  originally  used,  but  is  less  expen- 
sive to  make,  and  should  any  part  require  removal,  it  can  be  re- 
placed without  discarding  the  entire  axle,  which  seems  to  be  a  point 
in  its  favor. 

Engines  of  this  type  have  produced  some  remarkable  records,  both 
in  speed  and  efficiency,  the  most  noticeable  of  these  was  a  balanced 
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Modern  Type  of  Heavy  Passenger  Engine. 

o  onpound  on  the  Chicago,  Burlington  &  Quincy  R  .R.,  which  dur- 
ing a  series  of  tests  against  three  single  expansion  engines,  the  com- 
pound developed  20  per  cent  more  horse  power  than  the  other 
locomotives,  making  unusual  time  with  a  passenger  train  of  twelve 
cars,  weighing  with  the  engine  and  tender  719  tons.  None  of  the 
single  expansion  engines  were  able  to  equal  this  performance  and 
subsequent  tests  carried  out  on  that  road  gave  about  the  same  results. 
Following  the  completion  of  certain  electric  street  railway  lines 
and  successful  experiments  with  electric  locomotives  some  seventeen 
years  ago,  it  was  predicted  by  some  of  the  most  eminent  men  of  our 
country,  that  the  steam  locomotive's  death  knell  had  been  sounded. 
In  an  authorized  interview,  one  of  the  leading  railway  magnates  at 
that  time  predicted  that  in  twelve  or  fifteen  years  the  steam  locomo- 


Symons — Passing  of  Steam  Locomotive 

tive  would  be  pretty  general!)  superseded  by  the  electric  locomotive, 
if  not  entirely  relegated  to  the  scrap  heap'  The  opinion  thus  ex- 
pressed was  endorsed  by  many  authorities  of  less  prominence,  in- 
cluding the  daily  press  and  a  number  of  technical  papers,  with  the 
result,  that  many  were  led  to  believe  that  the  steam  locomotive  had 
reached  the  limit  of  its  usefulness. 

There  were,  however,  a  number  who  were  not  prepared  to  accept 
this  conclusion ;  they  had  heard  similar  outbursts  of  enthusiasm  on 
other  occasions  when  some  new  device  was  presented  with  reasona- 
ble satisfactory  results.  Among  those  who  recognized  the  fallacy  of 
such  views  was  one  whom  it  might  have  been  expected  would  have 
accepted  the  opposite  opinion ;  this  was  Mr.  Frank  J.  Sprague,  whom 
it  might  be  said,  was  the  father  and  one  of  the  principal  promoters  of 
electric  railway  transportation  in  America.  The  birth  of  electric 
railways  really  occurred  at  Richmond,  Va.,  in  February,  1888,  and 
in  an  article  by  Mr.  Sprague  published  in  the  July  issue  of  the  En- 
gineering Magazine,  1895,  or  about  seven  years  after  the  completion 
of  the  Richmond  road,  and  at  a  time  when  the  honors  showered  on 
Mr.  Sprague,  and  the  extravagant  prophesies  for  electricity,  and 
against  the  steam  locomotive  would  have  turned  a  less  conservative 
man's  head,  Mr.  Sprague  among  other  things,  in  an  able  article  on 

"will  trunk  lines  be  operated  by  electricity?" 

very  modestly  and  intelligently  reviews  the  subject,  saying  among 
other  things : 

"That  since  the  first  line  has  been  built,  and  put  in  operation, 
the  United  States,  England.  France,  Germany  and  Italy  have 
no  less  than  700  electric  railways,  covering:  7,000  miles,  and 
representing  an  investment  of  $250,000,000." 

The  very  able  analysis  closed  with  a  prophecy,  which  time  has  con- 
firmed in  every  particular,  and  which  I  also  quote : 

"Let  us  lay  aside  then  some  of  the  visionary  prophecies  con- 
cerning electric  railways  with  which  probably  no  one  has  been 
more  closely  identified  than  myself ;  no  one  has  greater  faith  in 
the  electric  railway  than  I,  but  its  future  is  not  in  the  wholesale 
destruction  of  existing  great  systems.  It  is  in  the  development 
of  a  field  of  its  own  with  recognized  limitations,  but  of  vast 
possibilities ;  it  will  cover  such  field  to  the  practical  exclusion  of 
all  other  methods  of  transmitting  energy  ;  it  will  replace  the 
steam  locomotive  on  many  suburban  and  branch  lines ;  it  will 
operate  almost  all  street  railway  systems  and  elevated  and  un- 
der-ground roads ;  it  will  prove  a  valuable  auxiliary  to  Trunk 
Systems,  but  it  has  not  sounded  the  death  knell  for  the  steam 
locomotive  any  more  than  the  dynamo  has  sounded  that  of  the 
stationary  engine:  each  has  its  own  legitimate  field,  and  will 
play  its  proper  part  in  the  needs  of  all  civilization." 
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There  are  at  the  present  time  entering:  the  citv  of  Chicago  some 
twenty-six  (26)  Trunk  Line  railways,  operating  with  steam  loco- 
motives. These  lines  have  an  aggregate  mileage  of  90,285  or  about 
40  per  cent  of  the  total  mileage  in  this  country ;  22,623  locomotives 
or  40  per  cent  of  the  total ;  845,106  cars  or  about  42  per  cent  of  the 
total,  and  with  a  valuation  of  $5,324,062,000  or  a  little  over  31  per 
cent  of  valuation  of  all  railways  in  the  United  States,  which  is  placed 
at  $16,936,150,204.    These  companies  operate  in  the  City  of  Chicago, 
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with  few  exceptions,  steam  locomotives  using  bituminous  coal  for 
fuel,  and  not  infrequently  contribute  to  the  evils  chargeable  to  the 
smoke  nuisance,  in  a  manner  shown  by  photographs  taken  of  an 
engine  in  service  wherein  it  is  assumed  that  150  lbs.  of  coal  per-  sq. 
foot  of  grate  area  per  hour  is  being  consumed,  with  a  loss  of  over  50 
per  cent  of  the  fuel  used.  Such  favorable  results  as  are  at  times 
obtained  in  locomotive  practice  may  be  noted  in  the  next  photograph 
of  the  same  engine,  but  as  you  will  note,  with  almost  an  entire  ab- 
sence of  smoke,  although  the  engine  in  each  case  is  performing  the 
same  service. 

There  are  in  service  in  the  City  of  Chicago  approximately  650 
locomotives,  and  assuming  that  each  engine  consumes  5  tons  of  coal 
per  day,  we  have  the  combustion  of  3,250  tons  of  coal  per  day ;  if  1 
per  cent  of  this  total  amount  of  smoke  and  soot  permanently  adheres 
to  buildings,  structures,  etc.,  or  contributes  to  the  death  or  destruc- 
tion of  trees,  grass,  flowers,  etc.,  or  to  the  injury  of  clothing,  peo- 
ple's health,  etc.,  then  the  steam  locomotive,  it  would  seem,  stands 
properly  arraigned  under  a  very  serious  indictment. 
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However,  before  rendering  a  verdict,  let  us  take  evidence  from 
both  sides,  after  which  we  can  better  determine  the  proper  degree  of 
responsibility. 


-s-i    r  * 


Heavy  Duty  Locomotive — emitting  much  smoke. 


The  Smoky  Atmosphere  of  Chicago,  largely  due  to  Stationary  Power  Plants. 
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There  are  hundreds,  and  I  may  say  thousands,  of  chimneys  in 
Chicago  daily  contributing  to  the  evils  of  the  smoke  nuisance,  and 
which  no  one  familiar  with  the  subject  will  dispute.  The  public 
mind,  however,  has  of  late  been  systematically  and  thoroughly  poi- 
soned against  corporations,  especially  railway  companies,  and  on  this 
account  the  author  is  inclined  to  believe  that  a  proper  division  of 
responsibility  has  not  been  made.- 

There  are  approximately  1,129,567  tons  per  year  pass  off  from 
chimneys  as  smoke  or  soot,  and  about  1  per  cent  of  this  quantity  of 
smoke  or  soot  adheres  permanently  to  buildings,  structures,  etc. 

I  would  invite  your  attention  to  photographs  of  chimneys  wherein 
practically  smokeless  combustion  is  attained,  while  others  show  the 
real  origin  of  the  smoke  nuisance.  A  comparison  of  the  relative  quan- 
tity of  fuel  used  in  the  city  by  locomotives  and  that  by  stationary 
plants  will  show  plainly  the  proportion  each  contribute.  This  should, 
however,  be  studied  in  connection  with  such  conditions  as  surround 
each. 


A  Smokeless  Power  Plant  in  Chicago. 

A  division  of  responsibility  serves  to  indicate  on  whom  the  burden 
of  relief  should  rest  with  respect  to  abatement,  and  in  this  connec- 
tion, it  should  be  remembered  that  the  schedule  of  miles,  engines,  cars 
and  valuation  of  railways  entering  Chicago,  also  applies  to  many 
other  cities  and  industrial  centers ;  in  other  words,  many  of  these 
lines  have  small  interests  here  as  compared  to  the  sum  total  of  their 
interests  at  other  points,  while  the  stationary  plants  are  each  one  a 
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unit  in  Chicago's  sum  total  of  assets,  and  in  which  we  have  seen  that 
the  steam  locomotive  only  contribute  13  per  cent  of  the  smoke 
nuisance. 

SUGGESTED  REMEDY. 

The  author  suggests  consideration  of  an  electric  zone  and  submits 
tentative  plan  from  which,  as  will  be  noted,  all  steam  locomotives 
using  bituminous  coal  will  be,  after  a  certain  date,  prohibited  from 
entering,  in  the  residence  districts,  steam  locomotives  regardless  of 
the  kind  of  fuel  used  should  be  reduced  to  a  minimum  in  numbers, 
on  account  of  the  noise  their  operation  produces. 


Suggested  24  mile  Electric   Zone— within  which  no  steam  locomotives  are  to 

be  used. 

In  the  matter  of  stationary  plants,  which  seem  to  be  the  arch 
criminals  in  this  indictment,  the  author  would  invite  attention  to  the 
view  of  a  smokeless  chimney,  which  is  within  range  of  every  day 
operating  conditions,  except  when  first  kindling  fires,  which  is  a  very 
small  fracton  of  the  time.  There  are  may  plants,  however,  which 
continually  produce  smoke,  and  as  a  step  toward  an  effective  and 
positive  remedy,  the  police  power  in  conjunction  with  proper  engin- 
eering talent  and  practical  experts,  should  regulate  those  plants, 
which  are  to  be  so  designed  and  constructed  as  to  be  operated  with- 
out emitting  smoke ;  those  outside  of   this  qualification   should   be 
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given  ample  time  to  either  put  in  proper  plants,  or  arrange  to  secure 
heat,  light,  electric  current  or  power  from  some  central  plant,  to  be 
provided  either  by  the  city,  or  under  its  supervision,  to  the  end  that 
the  smoke  nuisance  may  be  effectively  and  permanently  abated  with- 
out injury  to  any  individual,  corporation  or  industry. 

Wonderful  progress  has  been  made  in  the  development  of  electric 
railways  since  Mr.  Sprague's  very  conservative  prophecy  of  twelve 
vears  ago.  A  report  showing  in  a  general  way  this  development  from 
1888  to  1902  is  as  follows: 

Companies     9^7 

Mileage    22,576 

Cost  of  road $2,167,634,077 

Number  of  Employees 140,759,000 

Number  of   Cars 60,290,000 

Number  of  Passengers 4,774,211,904 

In  addition  to  this  there  has  been  a  still  greater  development  since 
1902  than  recorded  prior  to  that  time.  Notable  among  these  has 
been  the  interest  shown  by  steam  railway  companies  in  the  matter  of 
electrifying  certain  sections  of  their  lines." 

Notwithstanding  the  progress  of  electric  transportation  (as  above 
outlined)  we  should  not  lose  sight  of  the  fact,  that  the  steam  locomo- 
tive has  made  greater  strides  in  the  matter  of  increased  numbers, 
together  with  marked  development  or  refinement  both  in  the  manu- 
facture and  the  operation  of  the  machine.  Thus  time  only  tends  to 
confirm  the  truth  of  Mr.  Sprague's  prophesy  as  to  the  limits  to  which 
electricity  and  steam  are  respectively  confined. 

A  very  interesting  and  instructive  paper  was  presented  by  Messrs. 
Stillwell  and  St.  Clare  Putman  at  the  meeting  of  the  American  In- 
stitute of  Electric  Engineers  in  New  York  City,  January  25th,  1907. 
Much  valuable  and  interesting  data  was  brought  forth  and  ana- 
lyzed in  a  way  that  could  not  but  arouse  much  interest  in  this  all 
absorbing  question.  Their  summing  up  showed  that  in  a  general 
way  the  aggregate  cost  of  operation  of  steam  railways  of  America 
based  on  the  expenses  of  1905  would  be  reduced  about  $250,000,000 
by  changing  from  steam  to  electricity.  The  proposition  to  electrify 
all  of  the  steam  railways  of  America  is  not,  in  the  author's  opinion, 
worthy  of  consideration,  as  it  would  be  a  practical  impossibility  from 
a  financial  standpoint ;  he  would  question  the  wisdom  of  undertaking 
changes  of  such  magnitude  when  it  is  easy  to  determine  that  in  order 
to  realize  the  economies  shown,  it  would  be  necessary  to  stand  such 
unusual  losses  in  other  directions,  and  it  would  impose  additional 
financial  burdens  of  such  magnitude  that  in  the  majority  of  cases 
bankruptcy  would  follow. 

It  would  seem,  however,  a  conservative  proposition  and  one  that 
would  not  impose  unnecessary  financial  burdens  on  the  people,  or 

*(See  Mr.  Arnold's  Annual  Address,  January  19th,  1907.) 
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present  any  unusual  complex  engineering  problems,  to  consider  the 
introduction  of  electricity  as  a  means  of  transportation  in  and  adja- 
cent to  all  large  cities  or  commercial  centers  where  the  demand  or 
the  conditions  are  similar  to  those,  which  have  been  and  are  being 
successfully  met  in  New  York  City. 

Chicago  is  suffering  more  from  the  smoke  nuisance  than  New 
York  ever  did.  It  is  also  suffering  from  lack  of  adequate  transporta- 
tion facilities,  and  the  substitution  of  electricity  for  the  steam  locomo- 
tive would  provide  relief  in  the  matter  of  transportation  ;  it  would 
contribute  relief  with  respect  to  the  smoke  nuisance  in  proportion  to 
the  degree  of  its  responsibility.  Both  problems  are  easier  of  solu- 
tion in  Chicago  than  they  were  in  New  York,  presenting  no  engin- 
eering or  financial  difficulties,  which  can  not  be  reasonably  and  satis- 
factorily met.  and  it  would  seem  there  is  really  no  excuse  for  farther 
delay  in  securing  necessary  relief  in  this  direction. 

In  order  to  illustrate  more  forcibly  the  probable  future  require- 
ments in  the  matter  of  transportation  let  us  review  the  increase  in 
population  for  some  years  past,  and  at  the  same  time  observe  what 
conservatively  reliable  estimates  show  for  the  future. 

The  increase  in  population  in  Chicago  up  to  1892  was  about  11.2 
per  cent,  since  then,  and  up  to  1901  less  than  5  per  cent.  An  average 
from  1837  to  1892  was  8.6  per  cent,  in  1902  estimated  2.000.000  pop- 
ulation, and  at  5  per  cent  compounded,  it  is  fair  to  assume  the  future 
population  will  be  about  as  follows : 

1910 2.750,000 

1920  3.250.000 

1930  3,750.000 

1940  4,500.000 

1950 5,200,000 

This  is  on  the  conservatively  low  average  of  3  per  cent,  while  if 
the  national  and  local  conditions  governing  the  growth  of  Chicago 
were  to  average  in  the  future  exactly  as  they  have  in  the  past,  then 
the  population  would  be  at  the  following  rate: 

1910 3,500,000 

1920 5,500,000 

1930 7,750.000 

1940  10,250.000 

1950  1 3,000.000 

It  is  hardly  reasonable  to  assume  that  the  latter  figures  will  obtain ; 
under  the  former  figures  however,  which  are  very  conservative,  it 
is  not  a  great  while  until  Chicago  will  be  a  city  of  5.000,000  people, 
and  as  it  is  already  over-crowded  in  the  business  districts  with  inade- 
quate transportation  facilities,  which  conditions  are  becoming  more 
aggravated  every  day.  and  it  is  darker  than  London  most  of  the  time 
from  smoke  and  soot,  it  is  high  time  that  Chicago  should  wake  up 
not  only  to  its  present,  but  future  conditions,  and  make  provision  f<  >r 
relief  along  these  lines. 
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CONCLUSIONS. 

This  review  of  the  Evolution  of  the  Steam  Locomotive,  embracing 
as  it  has  certain  correlative  features  of  the  instrumentalities  of  trans- 
portation, past,  present  and  future,  involving  questions  of  Finance, 
Engineering  and  Civic  Pride,  has  for  its  primary  object,  the  hope 
of  aiding  in  a  limited  degree  such  efforts  as  has  been  made  or  may 
be  under  consideration,  calculating  to  improve  transportation  facili- 
ties and  beautify  the  city  of  Chicago. 

On  the  basis  of  our  present  population  in  the  United  States,  and 
the  transportation  facilities  to  meet  our  requirements,  it  is  not  exag- 
gerated prophesy,  but  a  conservative  temperate  estimate  based  on 
facts  that  in  a  few  years  we  will  be  a  nation  of  150,000,000  people, 
and  that  the  Mississippi  Valley  will  be  the  home  of  80,000,000  people. 

Should  transportation  facilities  be  increased  during  the  next 
twenty  years  in  proportion  to  the  lowest  possible  estimate,  together 
with  what  is  at  present  needed,  the  rail  and  water  map,  may  at  that 
time  reasonably  be  assumed  to  show  400,000  miles  of  main  line  and 
terminal  facilities,  and  several  thousand  miles  of  canals  and  canal- 
ized rivers ;  the  latter  to  include  a  deep  waterway  from  the  Lakes  to 
the  Gulf.  The  increased  railway  mileage  would  be  approximately 
170,000  miles,  and  the  increased  number  of  locomotives  necessary 
for  its  operation,  based  on  present  ratio  of  miles  per  engine,  would 
be  about  56,000 ;  of  this  number  at  least  75  per  cent,  it  is  reasonable 
to  assume,  will  be  steam  locomotives,  which  would  bring  the  grand 
total  up  to  or  above  the  75,000  mark  with  possibly  20,000  to  25,000 
electric  locomotives,  or  a  grand  total  of  100,000  locomotives. 

The  cost  of  the  above  outlined  improvements  and  additions  may  be  - 
conservatively  estimated  at  $16,000,000,000  or  an  amount  equal  to  the 
present  valuation  of  all  railway  property  created  or  acquired  during 
the  seventy-seven  years  of  the  period,  1830  to  1907. 

Certain  prominent  railway  men  have  been  criticised  for  their  out- 
spoken views  as  to  the  country's  future  requirements  in  the  matter 
of  transportation.  In  the  map  shown  all  present  railway  lines  are 
eliminated,  the  heavy  lines  indicate  tentative  location  of  approxi- 
mately 12,000  miles  of  broad  gauge  trunk  lines  6y2  to  7  ft.  gauge,  be- 
tween the  principal  commercial  centers ;  on  these  lines  trains  of 
special  design  and  construction  would  handle  8,000  to  10,000  tons 
without  interruption,  and  thus  the  prophesy  of  such  men  as  Mr.  E. 
H.  Harriman  and  Mr.  James  J.  Hill  would  not  only  be  fully  real- 
ized, but  another  distinct  epoch  in  steam  locomotive  design  would 
be  added  to  its  present  interesting  history. 

A  glance  at  the  graphic  chart  not  only  shows  past  and  present 
ratios  of  population,  railway  mileage,  locomotives,  cars,  etc.,  but 
from  this  it  can  be  seen  that  predictions  as  to  our  future  requirements 
are  conservative,  and  it  should  be  specially  noted  that  Chiacgo,  the 
center  and  recognized  mistress  of  the  vast  area  tributary  thereto,  will 
if  she  keeps  pace  with  the  wheels  of  progress,  profit  more  than  any 


Discussion — Passing  of  Steam  Locomotive  533 

other  point  in  the  United  States  from  such  improvements  as  must 
necessarily  be  made. 

Chicago  however,  can  never  hope  to  be  even  reasonably  clean  or  to 
enjoy  efficient  interurban  transportation  service  while  she  tolerates 
the  smoke  nuisance,  from  650  steam  locomotives  and  about  twelve 
thousand  (12,000)  chimneys,  of  power  plants  burning  bituminous 
coal. 

The  electrification  of  all  steam  railways,  together  with  similar  re- 
forms in  all  stationary  steam  plants  ;  or  in  event  of  complete  success 
not  being  practical  or  feasible,  then  the  city  should  install  power, 
heating  and  lighting  plants  to  supply  heat,  power  or  light  at  a  rea- 
sonable cost  to  those  who  either  can  not  or  will  not  install  and  operate 
a  smokeless  plant;  this  is  to  the  end.  that  Chicago's  well  deserved 
fame  as  the  leading  commercial  and  business  city  of  the  Mississippi 
Valley  may  be  enhanced  by  taking  rank  as  the  most  beautiful  city. 

The  author  is  glad  to  acknowledge  the  kind  assistance  of  Messrs. 
Bion  J.  Arnold.  Frederick  A.  Delano,  F.  H.  Burnham,  Angus  Sin- 
clair, Slason  Thompson,  The  Franklin  Institute  and  others. 

DISCUSSION. 

Mr.  P.  Juiikersfeld  m.w.s.e.  (Chairman)  :  I  feel  -ure  that  I  voice 
the  views  of  all  those'present  when  I  say  that  we  have  listened  to  an 
exceedingly  interesting  and  profitable  paper,  and  which  refers  to 
developments  almost  incomprehensible  for  the  period  included,  es- 
pecially when  we  think  that  within  the  life  of  a  number  of  men  now 
living  locomotives  were  built  by  jewelers  and  watch-maker-.  Mr. 
Symons  has  brought  us  down  to  the  time  when  a  single  locomotive 
manufacturing  company  turns  out  six  locomotives  per  day  for  every 
day  in  the  year,  including  Sundays  and  holidays. 

It  might  be  interesting,  in  passing,  to  say  that  .Mr.  Hedley,  whom 
he  mentions  as' the  inventor  of  the  "puffing  Hilly,"  has  a  great  grand- 
son, who  today  is  General  Manager  of  the  Interborough  system  of 
transportation  in  Xew  York,  which  carries  something  over  a  million 
passengers  per  day.  This  is  simply  another  illustration  of  the  very 
rapid  advance  in  transportation  within  the  last  century. 

Mr.  Symons  has  furthermore  told  us  a  few  of  our  faults  as  resi- 
dents of  Chicago :  also  some  other  things  which  ought  to  appeal  to 
us,  if  not  to  our  civic  pride,  at  least  to  our  civic  ambitions  and  possi- 
bilities. 

Mr.  W.  L.  Abbott,  m.w.s.e.:  I  think,  in  company  with  the  rest  of 
the  audience.  I  have  listened  to  this  paper  with  considerable  uncer- 
tainty as  to  where  the  author  would  finally  arrive.  When  he  started 
in  I  expected  to  see  the  end  of  the  locomotive  before  he  finished,  but 
when  he  did  finish  I  was  a  little  uncertain  as  to  whether  steam  loco- 
motives were  to  be  replaced  by  electric,  or  whether  the  electric  loco- 
motive had  reached  the  zenith  of  its  development  as  far  as  replacing 
the  steam  locomotive  is  concerned.     If  1  gol  one  clear  idea  from  the 
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paper — and  there  is  no  criticism  on  the  arrangement  of  the  paper 
whatever — it  is  that  electric  propulsion  on  railways  should  replace 
steam  in  densely  populated  centers,  only  like  that,  for  instance,  within 
2$  miles  of  Chicago. 

Then  the  author  goes  on  to  show  that  we  are  within  an  epoch  of 
great  increase  in  population,  wherein  the  railway  business  of  the 
country,  and  particularly  of  the  Mississippi  Valley,  will  undergo 
great  development,  and  if  the  electric  locomotive  has  any  mission 
other  than  that  of  smoke  abatement,  I  cannot  understand  why  it  will 
not  have  its  place  all  over  this  Mississippi  Valley,  which  the  author 
says  will  be  populated  with  more  than  the  present  entire  population 
of  the  United  States. 

The  limitation  to  the  general  adoption  of  electric  haulage  is  the 
number  of  trains  per  hour,  you  might  say,  on  the  road.  If,  with  this 
increase  of  business  in  population,  there  comes  a  corresponding,  or 
even  greater,  increase  of  railway  business,  that  objection  will  be  met. 

The  matter  of  transmission  of  electrical  energy  is  another  draw- 
back in  the  way  of  substitution  of  electric  for  steam  transportation. 
This  is  being  gradually  and  rapidly  overcome.  Long  distance  electric 
transmission  is  stretching  out  its  lines  further  and  further  every  year ; 
voltages  are  being  raised ;  insulation  is  being  improved ;  aerial  lines 
are  being  more  substantially  built,  and  I  consider  that  the  matter  of 
extending  and  maintaining  aerial  lines  for  the  transmission  of  power 
is  now  no  more  of  a  problem  than  was  the  maintenance  of  telegraph 
lines  at  the  time  the  telegraph  system  was  first  introduced.  With  the 
extension  of  power  transmission  to  distances,  we  will  say,  of  200  to 
300  miles,  it  will  readily  be  possible  to  locate  power  houses  at  the 
mines  and  transmit  energy  all  over  the  Mississippi  Valley  and  all 
over  the  country  east  of  the  Alleghenies — at  least  nearly  so — without 
transporting  coal  on  railroads.  I  do  not  know  what  fraction  of  the 
freight  business  of  the  railway  companies  now  consists  in  hauling 
their  own  coal,  but  it  must  be  considerable,  and  to  relieve  the  railway 
companies  from  this  amount  of  tonnage  would  make  their  equipment 
at  once  available  for  more  profitable  business,  since  the  haulage  of 
coal,  is  about  the  cheapest  work  which  they  do. 

The  coal  economy  of  locomotives,  while  it  has  been  considerably 
improved  by  the  introduction  of  the  compound  locomotive,  is  neces- 
sarily limited,  and  must  always  be  far  below  that  possible  with  power 
houses  equipped  with  large  boilers  and  large  steam  turbines.  Power 
houses  are  able  to  use  an  inferior  quality  of  coal  at  the  mine  which 
is  not  suitable  for  any  other  business.  Railways  require  the  best 
grade  of  coal.  If  the  railways  could  obtain  their  fuel  at  a  price,  we 
will  say,  about  one-third  of  what  they  are  now  paying  per  ton  mile,  I 
presume  the  saving  would  be  equal  to  the  money  which  is  paid  out 
in  dividends.  Looked  at  from  these  points  of  view,  I  cannot  but 
consider  that  the  prospect  for  the  permanency  of  the  steam  locomo- 
tive is  not  bright,  and  the  passing  of  the  steam  locomotive  may  be 
nearer  than  the  author  would  have  us  believe. 
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^  Referring  to  the  smoke  problem,  particularly  within  the  city  of 
Chicago.  The  author  says,  in  effect,  that  because  the  locomotives 
burn  about  15  per  cent  of  the  coal  burned  in  the  city,  they  make  only 
15  per  cent  of  the  smoke.  It  has  been  my  observation  for  sometime 
that  the  amount  of  smoke  emitted  by  a  plant  has  little,  if  any  relation 
to  the  diameter  of  the  chimney.  A  stack  burning  a  bushel  of  coal  an 
hour  may  make  more  smoke  than  a  stack  whose  furnaces  consume 
several  tons.  I  cannot  agree  with  him  in  the  statement  that  the  loco- 
motives have  made  very  little  impression  upon  the  general  dirty  con- 
dition of  the  atmosphere  of  the  city. 

Mr.  Junkersfeld:  Following  the  thought  which  Mr.  Abbott  and 
the  author  have  expressed,  it  might  be  interesting  to  note  that  the 
New  York  Central  Railroad  Company  is  operating  all  its  passenger 
trains  within  the  electric  zone  with  about  10,000  k.w.  of  power-house 
demand.  Using  that  as  a  basis,  it  has  been  calculated  roughlv  that 
passenger  trains  within  the  24-mile  zone,  as  shown  by  the  author, 
could  be  operated  with  something  like  50,000  k.w.  That  means  that 
all  the  passenger  trains  within  that  zone  could  be  operated  by  three 
or  four  units  in  a  large  modern  power  house. 

Mr.  I.  N.  Hatch,  m-.w.s.e.  :  The  author  has  given  us  a  very  inter- 
esting forecast  of  what  will  be  the  demands  for  transportation  in  the 
future,  with  the  great  increase  in  population  which  he  predicts.  But 
the  implication  seems  to  me  to  be  that  the  steam  locomotive  will  con- 
tinue to  increase  and  will  at  that  future  date,  which  he  has  consid- 
ered, bear  much  the  same  preponderance  of  importance  in  transpor- 
tation which  it  holds  today.  As  to  the  truth  of  this  prediction  I  have 
very  grave  doubts,  if  a  curve  were  drawn  showing  the  relative  impor- 
tance of  locomotives  as  a  factor  in  the  transportation  problem  of  the 
country,  I  am  not  sure  but  we  have  already  reached  the  highest  point 
of  that  curve.  I  believe  that  the  importance  of  the  locomotive  as  an 
economic  factor  in  this  country  has  already  reached  its  zenith.  The 
question  of  whether  the  railroads  will  change  over  to  electricity  or 
not,  is  bringing  out  some  interesting  discussion.  I  think  the  problem 
hinges,  not  so  much  on  whether  or  not  they  can  afford  to  electrify  or 
whether  they  are  willing  to  go  to  the  expense,  as  on  the  question  as 
to  whether  they  can  afford  not  to  electrify.  This  question  it  seems  to 
me  hinges  on  whether  or  not  the  electric  railway  will  be  profitable. 
If  electric  railways  are  profitable,  the  railroads  can  do  as  they  please 
about  changing  over ;  if  they  do  not,  electric  railways  will  be  built, 
and  in  the  last  analysis,  the  railroads  will  have  no  choice  in  the  mat- 
ter ;  it  will  be  change  or  go  out  of  business. 

Another  thing  which  it  seems  to  me  is  going  to  have  a  great  bear- 
ing on  this  is  the  convenience  of  the  electric  railwav  over  the  steam 
road.  It  will  be  only  a  short  time  now  until  electric  roads  will  be  in 
operation  from  Chicago  through  to  Cincinnati.  Louisville,  Detroit, 
and  other  such  cities,  and  it  will  be  but  a  few  years  until  almost  all  the 
present  one-night  runs  of  the  steam  locomotive  will  be  made  by  the 
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electric  railways.  At  the  present  time  a  great  many  of  those  steam 
roads  kill  time  all  night  in  order  not  to  arrive  at  the  destination  until 
a  reasonable  time  in  the  morning.  This  is  especially  true  of  such 
points  as  Detroit  and  Indianapolis.  There  is  no  question  but  that 
the  electric  roads,  even  in  the  present  state  of  the  art,  can  make  such 
runs  in  one  night,  and  if  they  put  on  sleeping  cars  and  become  popu- 
lar, they  stand  a  good  chance  of  taking  away  all  sleeping  car  business 
from  the  steam  roads.  It  would  not  be  at  all  surprising  to  me  if 
sleeping  cars  run  on  the  electric  railways — especially  the  one-night 
runs — would  drive  the  steam  car,  for  that  distance,  practically  out 
of  business. 

Several  years  ago  I  worked  on  the  Third  Avenue  cable  line  in 
Xew  York  City,  and  they  spent  a  tremendous  amount  of  money  put- 
ting in  the  cable,  but  in  five  years'  time  they  did  not  hesitate  to  change 
that  over  to  an  electric  line.  In  Pittsburg  and  Cleveland  they  blew 
out  all  the  cable  work  with  dynamite,  and  put  in  electric  lines.  Cer- 
tainly these  cable  roads  cost  as  much  as  steam  roads  and  if  the  cable 
companies  did  hesitate  to  do  a  thing  like  that  when  they  found  they 
had  to,  I  do  not  see  but  that  it  is  simply  a  question  whether  or  not  the 
electric  roads  will  pay,  that  will  decide  the  matter. 

Mr.  A.  Bement,  m.w.s.e.  (by  letter)  :  Mr.  Symons  has  raised  the 
question  of  responsibility  for  smoke  emission.  It  is  a  very  interesting 
subject  and  one  well  entitled  to  more  careful  consideration  than  it 
has  thus  far  received.  It  is  and  has  been  the  practice  to  attach  the 
entire  blame  to  the  individual  firm  or  corporation  owning  the  smoky 
chimney,  and  it  is  against  this  class  and  no  other  that  legislation  is 
directed,  when  as  a  matter  of  fact  the  furnace  apparatus  is  designed 
and  built  by  others.  It  is  also  true  that  the  owner  is  compelled  to 
depend  upon  the  services  of  members  of  the  community,  who  in  the 
capacity  of  firemen,  operate  the  furnace ;  thus  we  have  a  situation 
wherein  an  architect,  a  consulting  engineer,  a  manufacturer  of  fur- 
naces, and  a  furnace  operator  as  well  as  the  owner  of  the  chimney, 
have  contributed  to  the  production  of  smoke,  but  of  these,  four 
classes  are  immune,  the  owner  taking  the  blame  and  punishment  for 
all  of  them.  Under  present  conditions,  of  course,  there  is  no  other 
way,  and  while  the  owner  is  in  very  large  measure  an  innocent  vic- 
tim of  circumstances,  yet  it  is  through  him  that  these  other  people  are 
reached  in  only  a  feeble  and  indirect  manner;  thus  the  smoke  sup- 
pression campaign  naturally  works  at  rather  a  low  efficiency  owing 
to  the  high  resistance  offered  by  the  medium  through  which  its  ef- 
forts are  expended. 

Strange  as  it  may  seem,  the  most  important  results  in  the  way  of 
smoke  elimination  have  come  through  changes  which  have  been  due 
to  other  causes  rather  than  that  of  the  elimination  of  smoke  itself. 
For  example,  a  factory  will  go  on  for  years  using  apparatus  that  not 
onlv  wastes  a  large  amount  of  money  but  pollutes  the  atmosphere, 
owing  to  incomplete  combustion,  until  it  is  desirable  to  install  a  new 
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power  plant,  at  which  time,  often  by  accident  or  the  result  of  per- 
sonal prejudice,  either  a  Sterling  with  its  long  ignition  arch  or  a 
Heine  boiler  with  a  tile  roof  are  purchased  and  fitted  with  chain  grate 
stokers,  with  the  result  that  the  plant  may  become  a  smokeless  one. 
As  far  as  locomotive  smoke  is  concerned,  it  is  probable  that  no  de- 
cided cure  will  be  effected  until  electrification  of  that  portion  of  the 
various  railroads  which  enter  the  city  is  accomplished.  Thus  elec- 
tricity which  has  done  so  much  up  to  the  present  time  in  eliminating 
the  smoky  chimney,  will  be  an  increasingly  important  factor  in  the 
future,  with  the  result  that  the  installation  of  small  steam  plants  will 
become  still  less  frequent. 

CLOSURE. 

Mr.  Symons:  The  remarks  of  Messrs.  Abbott  and  Hatch  are  very 
much  to  the  point,  and  bring  out  some  good  features  bearing  on  cer- 
tain phases  of  steam  and  electric  railways.  I  regret  that  other  speak- 
ers were  not  in  attendance  to  discuss  the  question  from  other  stand- 
points, and  bring  out  additional  information,  which  it  was  contem- 
plated would  be  of  much  value. 

Referring  to  the  percentage,  or  proportion  of  smoke  emitted  by 
locomotives  as  compared  to  the  total,  I  will  say,  by  way  of  explana- 
tion, that  the  number  of  locomotives  used  in  my  calculation  was  the 
number  that  is  reported  as  being  assigned  to  service  in  the  Chicago 
district.  Included  in  these  are  switching  and  work-train  engines ; 
many  of  them  being  outside  the  city  limits,  a  portion,  or  all  of  the 
time.  There  are  a  certain  number  of  engines  termed  "road  engines" 
taking  trains  from  passenger  depots,  or  freight  yards,  that  contribute 
some  to  the  smoke  nuisance,  and  I  assumed  for  the  purpose  of  my 
calculation  that  the  number  of  road  engines,  which  enter  the  city 
each  day  to  either  deliver,  or  take  out  incoming  or  outgoing  trains, 
would  about  off-set  the  number  of  switch  engines  assigned  to  the 
Chicago  district,  which  were  outside  of  the  city,  and  thus  did  not  con- 
tribute to  the  smoke  nuisance.  Taking  this  number  of  locomotives 
as  a  basis,  I  then  assumed  they  would  consume  5  tons  of  coal  per  day 
per  engine,  while  in  practice  they  do  not  use  this  amount.  The  rec- 
ords from  some  of  the  most  prominent  lines  running  out  of  Chicago, 
having  in  service  the  largest  modern  switch  engines,  show  that  these 
engines  burn  on  an  average,  less  than  4  tons  of  coal  per  day ;  there- 
fore I  think  that  in  my  calculation  a  degree  of  liberality  was  shown, 
which  would  more  than  off-set  such  credits  as  might  be  due  to  chim- 
neys of  stationary  plants,  which  are  smokeless.  In  the  absence  of 
this  explanation,  however,  I  think  Mr.  Abbott's  criticism  was  quite 
proper,  and  to  the  point. 

In  the  matter  of  extensions  of  electric  railways  referred  to  both  by 
Messrs.  Hatch  and  Abbott.  I  think  it  is  quite  true,  that  lines  will  be 
extended  more  in  future  than  they  have  in  the  past  until  the  entire 
Mississippi  Valley  from  the  Rocky  Mountains  to  the  Alleghenys  will 
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be  gridironed  with  electric  lines.  The  question  of  transmission  of 
energy  has,  I  think,  been  satisfactorily  solved.  The  figures  quoted, 
however,  as  to  our  probable  future  requirements  in  the  matter  of 
steam  and  electric  railways  were  arrived  at  by  taking  into  considera- 
tion all  of  the  features  mentioned  by  the  previous  speakers,  favorable 
to  the  development  of  the  electric  railway.  It  also  took  into  consid- 
ration  our  increased  population  for  the  next  twenty  years,  and  the 
necessity  of  meeting  their  views  and  actual  needs  in  the  matter  of 
transportation,  and  while  I  assumed  the  development  of  the  electric 
railway  would  be  as  great  as  that  anticipated  by  others,  I  have  not 
reached  the  conclusion,  and  am  not  prepared  to  admit,  that  this  in- 
creased electric  development  will  in  any  manner  interfere  with  the 
development  of  steam  railways  into  new  countries ;  neither  do  I  think 
it  will  result  in  driving  any  of  the  present  steam  railways  out  of  busi- 
ness in  the  older  settled  communities.  Take  for  instance,  present  day 
conditions  in  Ohio,  Indiana  and  portions  of  Illinois.  Indianapolis 
is  today  considered  as  being  the  best  provided  with  transportation  fa- 
cilities of  any  point  in  the  civilized  world,  there  being  a  veritable 
net  work  of  electric  railways  diverging  from,  or  entering,  that  city, 
and  connecting  with  prominent  cities  within  a  radius  of  200  miles. 
It  is  a  fact,  however,  that  during  the  development  of  this  net  work  of 
electric  railways,  that  the  steam  railways  in  operation  in  this  same 
territory  have  added  enormously  to  their  equipment,  both  in  the  num- 
ber of  freight  and  passenger  cars  and  locomotives.  There  are  more 
steam  locomotives  in  service  today  on  the  lines  most  closely  paral- 
leled by  these  electric  railways  than  there  were  before  the  elctric 
railway  was  constructed,  and  the  steam  locomotives  are,  as  a  rule, 
about  twice  the  capacity  of  those  in  service  twenty  years  ago,  which 
is  equivalent  to  about  four  fold  increase  in  steam  transportation  facil- 
ities. Our  increased  population  throughout  the  country  will  result 
in  a  repetition  of  these  conditions  over  almost  the  entire  area  between 
the  Alleghenys  and  the  Rocky  Mountains,  and  in  addition  to  this, 
there  must  necessarily  be  thousands  of  miles  of  canals  and  canalized 
rivers  providing  for  transportation  of  low  grade  freights,  such  as 
coal,  ore,  lumber,  etc. 

We  have  ceased  to  be  a  frontier  country,  except  in  its  application 
to  some  of  the  most  remote  districts  that  are  still  unsettled,  and  in 
those  districts  the  steam  locomotive  will  continue  in  the  future,  as  in 
the  past  to  be  the  "pioneer,"  which  will  penetrate,  open  up,  develop 
and  populate  these  unsettled  areas,  after  which  the  electric  lines  will 
come  just  as  it  has  in  the  older  states  and  communities. 

It  was  only  a  few  years  ago  that  the  merchant  or  tradsman  went 
to  market  twice  per  year  to  purchase  goods  for  his  customers ;  today 
through  the  middle  states  where  the  transportation  facilities  above 
mentioned  exist,  he  goes  every  week  and  sometimes  oftener,  purchas- 
ing goods  in  small  quantities  and  which  he  frequently  insists  on  hav- 
ing delivered  to  him  the  next  morning. 
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This  furnishes  business  for  the  electric  railway  and  for  the  steam 
railway  combined,  and  with  several  hundred  thousand  tradesmen  in 
the  Mississippi  Valley  with  several  million  inhabitants  depending 
upon  them,  it  can  easily  be  seen  that  the  construction  of  both  electric 
and  steam  railways  will  not  likely  be  on  a  sufficiently  broad,  or  liberal 
scale  to  meet  the  requirements  of  the  people,  and  that  there  is  abso- 
lutely no  danger  at  the  present  time  of  one  injuring  the  other,  as  they 
will  both  probably  fall  short  of  meeting  the  requirements  in  many 
cases.  The  only  field  of  probable  controversy  is  in  large  cities,  where 
it  is  not  a  question  of  supremacy  or  of  a  survival  of  one  as  against 
the  other  from  a  financial  standpoint,  but  a  question  of  meetiiu 
condition  in  which  steam  locomotives  are  unsuited  and  electric  pro- 
pulsion is  not  only  desirable,  but  necessary.  The  question  of  rela- 
tive cost  is  a  secondary  one.  Therefore,  to  provide  facilities  for  a 
nation  of  150,000,000  people,  which  is  close  at  hand,  (and  we  have 
the  official  statement  of  the  census  bureau  in  Washington  that  we  will 
be  a  nation  of  900.000,000  people  in  134  years)  we  will  have  to  com- 
mence building  new  steam  railways,  provide  second,  third  and  fourth 
tracks  for  existing  lines,  possibly  construct  ten  to  twelve  thousand 
miles  of  broad  gauge  steam  railways  with  specially  designed  equip- 
ment, and  increase  the  mileage  of  canals,  canalized  rivers,  including 
a  twenty  foot  waterwav  from  the  Lakes  to  the  Gulf.  This  work 
should  be  prosecuted  as  fast  as  funds  and  labor  can  be  provided.  The 
electrification  of  trunk  lines  to  be  considered  for  terminal  facilities 
at  all  large  cities  like  New  York,  Chicago,  St.  Louis,  Pittsburg.  Cin- 
cinnati, Cleveland,  Buffalo,  etc.  This,  not  only  with  a  view  of  elim- 
inating the  smoke  nuisance,  but  in  order  to  provide  more  efficient 
train  movements  within  the  city  limits. 

Tt  is  not  extravagant  to  prophesy  that  some  of  the  present  complex 
problems  of  transportation,  and  many  future  ones,  may  find  solution 
in  improved  and  increased  instrumentalities  of  transportation  of  such 
a  character  that  the  purchasers'  requirements  may  be  met  on  a  basis 
more  in  harmony  with  the  service  rendered  than  at  present.  Passen- 
gers of  limited  means,  and  not  in  haste,  should  not  be  required  to  pay 
the  same  rate  as  those  of  wealth,  who  demand,  and  willingly  pay  for 
the  service  of  high  speed  and  luxurious  trains;  the  same  principle 
may  be  well  considered  with  respect  to  freight  movements.  In  the 
years  to  come  it  is  fair  to  assume  there  will  be  provided  combined 
facilities  to  handle  the  commerce  of  the  nation  that  will  embrace 
waterways  and  additional  tracks  for  low  grade  traffic,  electric  lines 
and  high  speed  tracks  for  fast  freight  and  passenger  trains,  and 
electric  locomotives  in  most  all  large  cities,  and  in  many  cases  plying 
between  large  centers  of  population. 


STEAM  TURBINE  DEVELOPMENT 

Prof.  J.  C.  Thorpe,  m.w.s.e. 

Presented  May  6,  1908. 

So  much  has  been  written  during  the  past  few  years  relating  to 
the  various  phases  of  steam  turbine  engineering  that  one  is  con- 
fronted by  a  Herculean  task,  who  proposes  to  present  anything  par- 
ticularly new  to  an  assembly  of  engineers,  many  of  whom  have  been 
closely  in  touch  with  steam  turbine  development  and  operation. 
Thus,  it  was  without  a  particular  intention  of  presenting  new 
thoughts  that  this  paper  was  prepared,  but  rather  of  gathering  to- 
gether from  various  sources  some  of  the  facts  developed  during  re- 
cent years  and  compiling  them  in  convenient  form  for  considera- 
tion. 

Among  the  noteworthy  facts  that  impresses  itself  upon  the  mind 
of  the  investigator  of  the  development  of  steam  turbines  is  the  very 
close  resemblance  of  the  earliest  types  to  many  of  the  present  day  ma- 
chines that  are  proving  such  efficient  prime  movers  in  our  power 
stations  of  both  large  and  small  capacity.  In  order  to  observe  this 
fact,  let  us  turn  aside  from  the  limitations  of  our  subject  for  a  short 
period  to  consider  some  of  the  more  prominent  inventions  of  the 
early  day.  Professor  Storm  Bull,  now  deceased,  in  the  presentation 
of  his  paper  before  this  society  in  June,  1905,  noted  the  beginning  of 
steam  turbine  practice  in  the  year  120  B.  C,  when  Hero's  Aeolpile 
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Avery  Reaction   Wheel. 
Fig.    1. 

was  operated.  In  this  machine  we  note  the  purely  re-active  steam 
turbine.  In  1831,  in  Buffalo,  New  York,  Mr.  William  Avery  con- 
structed and  operated  what  is  known  as  the  Avery  steam  turbine, 
which  was  similar  to  the  old  Hero  engine,  a  reaction  turbine  in  the 
strictest  sense.     Steam  enters  the  hollow  shaft,  passes  to  the  ends 
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of  the  hollow  arms,  where  it  issues  at  an  enormous  rhis 

machine  for  some  time  operated  in  a  saw  mill  in  or  near   Bui 
where  it  displaced  a  reciprocating  engine.     The  excessive  air  fric- 
tion and  the  erosion  by  the  wet  steam  necessitated  frequent  and 
pensive  repairs   which   eventually   caused  its  abandonment. 

In  1629,  an  Italian  inventor,  Giovanni  Branca,  published  a  book  in 
Rome  entitled  "The  Machine."  In  this  book  Branca  described  "The 
Branca  Impulse  Steam  Turbine."  In  this  machine  a  jet  of  steam  is 
made  to  issue  from  the  mouth  of  a  negro's  head,  serving  as  a  steam 
generator  and  impinge  against  the  blades  of  a  large  wheel  geared  to 
a  small  stamp  mill.     This  was  the  beginning  of  the  now  very  popu- 


Fig.  2.  The  Ue  Laval  Turbine 


lar  impulse  type  of  turbine.  In  1884.  De  Laval  first  published  the  re- 
sults of  some  of  his  earlier  experiments  and  applied  for  patents  on  the 
De  Laval  turbine.  This  simple  impulse  turbine  is  one  of  the  popular 
types  today  for  small  powers  and  it  is  not  difficult  to  trace  the  sug- 
gestions of  the  Branca  turbine  through  history  to  this  highly  effi- 
cient machine. 

Many  of  the  inventions  of  recent  years  have  been  as  visionary  and 
impracticable  as  the  inventions  of  Hero  and  Branca.  However, 
there  are  records  available  of  a  few  inventions  which  were  the  fore- 
runners of  the  successful  turbines  of  today,  and  which  the  writer  be- 
lieves would  be  of  interest  to  consider  at  this  time. 

It  was  early  understood  that  the  enormous  steam  \  nd  re- 
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itlting  peripheral  speeds  of  the  simple  reaction  and  impulse  wheels 
presented  a  great  obstacle  which  must  be  overcome  before  the  steam 
turbine  would  be  of  any  considerable  value,  industrially.  In  1827, 
Real  and  Pichon,  Frenchmen,  patented  a  compound  impulse  turbine 
that  attempted  the  desired  speed  reduction  by  distributing  the  drop 
ill  pressure  through  a  number  of  stages. 


Real   and    Pichon    Compound    Turbine. 


Experiments  upon  the  flow  of  steam  through  variously  shaped  con- 
verging and  diverging  nozzles  occupied  the  attention  of  many  steam 
turbine  experimentors.  In  1838,  one,  Leroy,  first  published  the  re- 
sults of  such  experiments  and  applied  for  patents  on  the  Leroy  re- 
action wheels. 

There  were  special  applications  of  the  Avery  reaction  wheel  men- 
tioned above.  The  results  of  Leroy's  experiments  have  been  re- 
peatedly verified  by  investigators  during  recent  years. 

It  is  interesting  to  note  the  numerous  inventions  of  the  earlier  day 
failed  to  take  any  account  of  the  increasing  volume  resulting  from  the 
drop  in  pressure  from  stage  to  stage,  ah  hough  the  desirability  of 
compounding  was  early  understood  as  has  been  shown. 

In  1848,  United  States  patents  were  issued  to  one,  Wilson,  who 
occupies  a  prominent  place  among  early  steam  turbine  investigators. 
His  most  interesting  and  valuable  invention  immediately  suggests  the 
Parsons  type  and  may  be  said  to  be  the  forerunner  of  that  most  ex- 
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jcellcrrt  machine.  Wilson  was  the  first  inventor  to  establish  a  claim 
based  upon  the  increasing  volume  resulting  from  the  distributed  pres- 
sure drop. 


Fig.  4. 
LeRoy's   Reaction  Wheels. 

Fig.  4 


Fig. 


Wilson's  Compound  Turbine. 
Fig.  5- 

In  1858,  patents  were  secured  by  John  and  Ezra  Hartman.  the  sim- 
ilarity of  which  machine  to  the  modern  Curtis  turbine  is  immediately 
noticeable.  The  steam  is  expanded  in  the  inlet  nozzle  and  inpinges 
alternately  upon  revolving  and  stationary  blades,  no  attempt  beiti- 
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made  to  increase  the  velocity  or  reduce  the  pressure  while  passing 
through  the  sets  of  blades. 


Hartm'an's    Compound 
Impulse  Turbine. 
Fig.  6. 

Another  interesting  invention  in  this  connection  is  that  of  Moor- 
house,  in  1877.  This  machine,  very  similar  to  the  present  Hamilton - 
Holsworth  turbine,  built  by  Hooven,  Owens  and  Rentschler,  Ham- 
ilton, Ohio,  which  is  of  the  impulse  multi-stage  type. 

In  1885,  patents  were  issued  in  several  countries,  covering  the  in- 
dention of  a  compound  balanced  reaction  turbine,  to  Hon.  C.  A.  Par- 
sons, whose  name  from  this  date  has  been  inseparably  linked  with 
steam  turbine  development.  His  first  invention,  Fig.  7,  is  very  in- 
teresting, showing  Parson's  conception  of  the  importance  of  the  prin- 
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Fig.  7. 

ciples  of  compounding  and  of  the  lateral  balancing  of  horizontal  ma- 
chines. Among  the  other  prominent  features  of  this  machine  still 
approved  and  applied  in  the  most  modern  design,  are  elasticity  of 
bearings  and  forced  lubrication.  It  may  be  said  that  Parsons  was 
the  first  inventor  to  place  the  steam  turbine  on  a  commercial  basis. 

In  1889,  De  Laval,  whose  name  is  closely  linked  with  that  of  Par- 
sons in  steam  turbine  development,  secured  his  patents  on  the  pres- 
ent expanding  nozzle  used  with  the  De  Laval  machines.  A  patent  on 
the  expanding  nozzle  as  applied  to  injectors  had  been  issued  twenty- 
five  years  before,  but  it  remained  for  De  Laval  to  apply  it  to  the  im- 
pulse turbine. 

Much  experimenting  has  been  carried  on  and  many  patents  se- 
cured quite  recently  upon  various  applications  of  Pelton  Wheel 
buckets  to  steam  turbines.  The  earliest  patents  issued  in  this  con- 
nection were  dated  1894,  when  J.  T.  McElroy  and  Professor  A. 
Rateau  received  American  and  English  rights,  respectively.  De- 
fects in  the  design  and  construction  of  McElroy 's  turbine  pre- 
vented its  commercial  application,  but  the  simple  impulse  machine 
with  Pelton  buckets,  of  Rateau,  attained  some  prominence  before  it 
was  superceded  by  the  multi-stage  type.  A  general  view  of  the  rotor 
of  the  simple  Rateau  turbine,  is  shown  in  Fig.  8. 

In  view  of  the  fact  that  the  application  of  Pelton  wheel  bucket-  is 
the  subject  of  much  discussion  and  experimentation,  it  will  be  inter- 
esting to  note  the  arguments  presented  in  favor  of  their  use.  These 
arguments  are  presented  in  the  light  of  objections  to  ordinary  blad- 
ing, which  are:* 


*"Steam  Turbines,"  by  L.  G.  French. 
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Fig.  8. 


1.  Increases  the  number  of  buckets  at  least  five  times. 

2.  Distorts  the  angle  of  reaction  from  15  to  30  degrees  in  order 
to  secure  clearance. 

3.  Makes  necessary  the  side  application  of  the  steam  jet,  thus  in- 
creasing lateral  stress  and  vibration. 

4.  Augments  fluid  friction. 

Among  the  other  turbines  of  more  or  less  prominence,  both  in  this 
country  and  abroad  that  use  the  Pelton  bucket  are,  the  Riedler- 
Stumpf  of  Berlin,  the  Zoelly  and  the  Kerr. 

The  Riedler-Stumpf  wheels  were  invented  by  Professor  Stumpf, 
who  was  assisted  in  their  development  by  Professor  Riedler.  A 
wheel  and  nozzle  ring  of  this  machine  is  shown  in  Fig.  9.  It  will 
be  noticed  that  the  nozzles,  which  are  of  the  De  Laval  general  type, 
extend  completely  around  the  periphery  of  the  nozzle  ring.  Subse- 
quent patents  covered  the  return  guides  that  were  used  to  redirect 
the  steam  issuing  from  the  wheel  a  second  time  upon  the  blades. 

The  first  patents  on  the  Zoelly  turbine  were  taken  out  by  Heinrich 
Zoelly  in  1900.  They  set  forth  in  particular  the  construction  of  a 
multi-stage  turbine,  with  one  rotor  only,  in  each  stage  and  a  particu- 
lar construction  of  the  wheel  disks.  The  arms,  if  they  may  be  called 
such,  were  machined  for  a  considerable  part  of  their  length  and 
ended  in  the  Pelton  buckets,  as  shown  in  Fig.  10.    The  larger  Zoelly 
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Fig.  9. 
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turbines  are  built  in  two  sections,  a  high  pressure  and  low  pressure 
section,  the  steam  passing  from  the  high  pressure  to  the  low  pressure 
side  through  steam  passage  in  the  turbine  base. 

The  Kerr  turbine  is  built  by  the  Kerr  Steam  Turbine  Company  of 
Wellsville,  New  York.  It  is  an  interesting  machine  in  the  field  of 
small  non-condensing  units  of  smaller  powers. 


In  1896,  Mr.  C.  G.  Curtis  took  out  a  group  of  patents  covering  the 
important  principles  of  construction  of  the  Curtis  Turbine,  manufac- 
tured by  the  General  Electric  Co.,  of  Schenectady,  New  York.  The 
most  significant  feature  of  Mr.  Curtis'  claims  was  the  application  of 
the  system  of  diverging  nozzles  with  the  compound  wheel.     Other 
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inventors  had  applied  the  results  of  expansion  that  could  take  place 
only  in  a  diverging  nozzle  but  no  invention  had  been  previously  made 
of  the  apparatus  itself.  In  Fig.  u.  is  shown  the  present  preferred  ar- 
rangement of  nozzle  and  moving  and  stationary  or  intermediate 
blades. 

In  the  preceding  discussion,  the  more  important  inventions  that 
have  influenced  turbine  development  have  been  considered.  That 
the  principal  difficulties  in  design  and  construction  were  early  rec- 
ognized is  very  apparent.  From  the  earlier  days,  designers  have  en- 
deavored to  reduce  the  energy  losses  to  a  minimum  and  it  is  this  de- 
sire that  inspires  present  day  designers  who  have  brought  the  steam 
turbine  to  the  prominent  place  which  it  occupies  in  the  list  of  prime 
movers.  The  energy  losses,  mentioned  with  their  approximate  aver- 
age values,  may  be  classified  as  follows : 

i.     Friction    between    the    steam    and    the    metallic 
surfaces,   both  stationary  and  moving,  10%         12% 

2.  Friction  due  to  eddy  currents,  5%  7% 

3.  Resistance  to  the  rotation  of  moving    parts    in 

the  atmosphere  of  steam,  called  "windage."  6% 

4.  Mechanical  friction  in  journal  bearings,  glands, 

stuffing  boxes,  etc.  5%  10% 

5.  Leakage  through  clearance  spaces,  glands,  etc.     3%  7'  - 

6.  Radiation  loss,                            j  a  q<^ 

7.  Residual  velocity  in  exhaust,     I 

The  constant  striving  to  minimize  these  losses  has  resulted  in  im- 
proved methods  of  governing,  special  devices  for  cutting,  shaping 
and  spacing  the  turbine  blades,  exhaustive  experimentation  relat- 
ing to  the  flow  of  steam  through  nozzles  and  orifices,  the  development 
of  high  pressure  lubricating  systems  and  high  temperature  packing, 
and  in  the  development  of  remarkably  efficient  condensing  equip- 
ment, particularly  in  units  of  large  capacity. 

STEAM   TURBINE  PERFORMANCE. 

A  consideration  of  some  particular  installations  with  the  results  of 
steam  economy  tests  will  indicate  the  measure  of  success  that  has  at- 
tended the  recent  development  of  steam  turbine  practice. 

In  1902,  after  very  careful  consideration  of  the  steam  turbine 
problem,  the  then  Commonwealth  Electric  Co.,  of  Chicago,  purchased 
;he  first  5,000  kw.  machine  that  was  built.  Just  previous  to  this,  the 
Westinghouse  Company  had  taken  the  contract  to  build  a  1,500  kw. 
unit  which  was  installed  in  the  plant  of  the  Hartford  Electric  Light 
Co.,  of  Hartford,  Conn.  It  is  worthy  to  note  that  the  turbine.  Unit 
Xo.  1  in  the  Fisk  Street  Station  of  the  present  Commonwealth  Edi- 
son Co.  was  the  result  of  the  first  effort  that  had  ever  been  made  in 
this  country  to  build  a  machine  of  this  type  larger  than  600  kw.  The 
600  kw.  turbine  mentioned  was  a  two  stage,  horizontal  Curtis  ma 
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chine  installed  in  1901  in  the  shops  of  the  General  Electric  Co.,  at 
Schenectady,  N.  Y.  It  is  a  compliment  to  the  engineers  and  manage- 
ment of  the  General  Electric  Co.,  who  built  and  installed  this  first 
larger  unit,  that  they  planned  and  built  so  well  and  confidently  at 
that  time.  We  doubt  not  that,  in  the  light  of  more  recent  designs, 
this  first  large  turbine  to  be  installed  in  this  country  fails  to  nourish 
the  pride  of  its  designer,  and  yet,  all  must  agree  that  the  undertaking 
at  that  time  was  very  meritorious. 

The  writer  has  been  privileged  during  the  past  two  years  to  con- 
duct tests  on  three  of  the  units  in  the  Fisk  Street  Station,  Common- 
wealth Edison  Co.  These  units  with  the  approximate  dates  of  in- 
stallation and  their  respective  kw.  ratings  are  as  follows: 

Unit  No.  1,  first  operated  September,  1902,  normal  capacity,  5,000 
kw. 

Unit  No.  4,  first  operated  September,  1905,  normal  capacity,  5,000 
kw. 

Unit  No.  8,  first  operated  December,  1905,  normal  capacity,  8,ooo 
kw. 

A  brief  summary  of  the  results  of  these  tests  is  presented  in  the 
following  table : 

OPERATING   CONDITIONS. 

Comparative  Results — Best  Performance. 

1.  Nominal  Rating  of  machine,  kws..  .  .5000  5000  8000 

2  Load — Gross    output,   kws 6137  5970  10156 

3.  Ditto — per  cent  normal  rating 1.25  1.20           1.25 

4.  Water  rate — observed  kw-hr 23.85  16.56         12.94 

5.  Ditto — corrected  for 

"Contract  Conditions"    23.94        16.72         13.07 

6.  Water  Rate — observed  e.h.p.-hr. .  .  .      17.89        12.42  9.71 

7.  Ditto,  corrected  for 

"Contract    Conditions" 17.96        12.54  9.80 

8.  Initial  Pressure,  pounds 176.6        174.0         176.0 

9.  Vacuum  observed,  inches  28.10        28.0  29.17 

10.  Vacuum,  30  in.  barometer,  inches  ..     28.52        28.30         29.50 

11.  Superheat — Deg.  Fahr I39-Q  184.0  I47-0 

12.  First  stage  pressure,  lb  gage 5.66        34.8  46.7 

13.  Normal  speed,  r.p.m 500  500  750 

The  accompanying  curves,  Fig.  12,  present  the  relative  steam 
economies  of  these  three  units  in  a  very  interesting  manner.  It  will 
be  seen  that  the  scale  of  the  vertical  ordinate,  representing  "Water 
Rate,"  is  continuous,  thus  giving  a  direct  comparison  of  the  units, 
all  values  of  the  steam  economy  having  been  reduced  to  the  basis 


1.  A  considerable  condenser  leakage  necessitated  a  correction  in  the  steam 
flow  of  Turbine  No.  1. 

2.  Results  of  tests  of  No.  4  taken  from  Report  of  Tests  of  Turbine  No. 
4,  J.  C.  Thorpe  to  Mr.  F.  Sargent,  April  24,  1906. 
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indicated.  Another  notable  feature  is  the  flatness  of  the  load  curve 
for  Unit  No.  8.  It  is  noticeable  in  No.  4,  but  less  markedly  and  the 
tendency  to  give  a  wide  range  of  economy  with  a  considerable  range 
of  load  is  hardly  perceptible  in  the  first  unit.  It  is  difficult  to  say 
what  the  results  would  have  been  in  the  latter  case  had  the  load  been 
increased  to  75%  overload,  as  in  the  case  of  No.  8.  These  curves 
serve  better  than  words  to  illustrate  the  remarkable  development  in 
the  design  and  operation  of  large  turbine  units  of  this  type  during  the 
past  five  years. 
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The  curve  A  A  in  Fig.  13  represents  the  steam  economy  of  the  500 
k\v.  horizontal  Curtis  turbine  mentioned  above,  ar.d  curve  BB.  the 
economy  of  a  600  k\v.  Curtis  turbine,  erected  in  the  station  of  the 
Massachusetts  Electric  Co.  at  Newport,  R.  I.  The  test  was  con- 
ducted by  Mr.  George  H.  Barrus  and  appears  in  a  bulletin  issued  by 
the  General  Electric  Co.  The  difference  in  water  rate  is  probably  due 
to  the  fact  that  the  500  kw.  machine  was  tested  with  a  service  load 
which  fluctuated  greatly  during  each  trial ;  whereas,  the  test  of  the 
600  kw.  machine  was  a  shop  test,  when  more  nearly  absolute  control 
was  had  over  all  of  the  conditions  affecting  performance.  It  might 
be  assumed  that  the  development  of  four  years  should  result  in  in- 
creased economy.  This  is  not  necessarily  true,  particularly  with  the 
smaller  units,  since  the  requirements  of  the  service  may  necessitate 
mechanical  changes  whose  desirability  outweigh  the  relative  impor- 
tance of  an  inconsiderable  increase  in  steam  economv. 
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In  Fig.  14  is  presented  the  load  curves  of  four  Curtis  turbines  of 
1,000,  2,250,  5,000  and  8,000  kws.  rated  normal  capacity.  In  this 
instance  the  conditions  of  operation  are  not  reduced  to  a  common 
basis,  but  appear  as  actually  observed.  An  inspection  of  the  values 
given  will  indicate  that  no  considerable  change  would  result  if  a  re- 
duction had  been  made  as  in  Fig.  13.  The  curve  in  Fig.  15  was  con- 
structed from  Fig.  14,  using  the  steam  economy  for  the  points  of  nor- 
mal loading  and  all  reduced  to  a  common  basis,  namely,  185  pounds 
(gage)  initial  pressure,  28.5  inches  vacuum,  (30  inches  Bar.)  and 
150  deg.  Fahr.  superheat.  This  curve  illustrates  the  well-known  fact 
that  the  ratio  of  the  energy  losses  to  normal  capacity  decreases  with 
the  increasing  size  of  units,  just  as  the  same  ratio  varies  with  the 
load  on  a  sriven  unit. 
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Corrections  on  these  curves  were  based  upon  the  following  values, 
derived  from  actual  tests,  when  all  the  conditions  of  operation,  except 
those  under  trial,  were  maintained  as  nearly  constant  as  precticable: 

1  inch  vacuum,  between  26  inches  and  30  inches=:5%  effect  upon 
water  rate. 

14  deg\  Fahr.  superheat=i%  effect  upon  water  rate. 

10  lbs.  boiler  pressure  between  150  and  185  lbs. =0.5%  effect  upon 
water  rate. 

Difference  between  185  and  200  lbs.  boiler  pressure=neglible. 
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In  the  Electrical  World,  of  October  12,  1907,  the  following  cor- 
rections for  departure  from  contract  conditions  during  a  test  of  a 
7,500  kw.  Westinghouse-Parsons  turbine  .in  the  plant  of  the  New 
York  Edison  Company,  are  recorded: 

Pressure — 2%  pounds  highr=corrections,  0.25%  in  water  rate. 

Vacuum,  0.69  in.  low=correction,  1.84%  in  water  rate. 

Superheat,  4.25  deg.  low = correction,  0.29%  in  water  rate. 

It  will  be  noticed  that  the  influence  of  the  variation  in  steam  pres- 
sure is  apparently  much  greater  with  the  Parsons  type  of  machine 
and  the  influence  of  variations  in  vacua  much  less,  than  in  the  per- 
formance of  the  Curtis  type.  There  is  practically  no  difierence  in 
the  allowance  made  for  superheat.  It  appears  upon  careful  consid- 
eration that  the  turbine  which  governs  by  virtual  throttling,  would  not 
be  improved  to  any  considerable  degree  by  increases  in  pressure. 
Furthermore,  the  influence  of  vacua  might  be  expected  to  be  much 
greater  than  stated,  concluding  from  experience  with  other  ma- 
chines. 
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Fig.  16. 

In  Fig.  16  is  presented  the  relation  of  water  rate  of  various  West- 
inghouse-Parsons turbine  units,  plotted  upon  the  same  basis  as  the 
curve  in  Fig.  15.  The  actual  load  curves  from  which  this  curve  is 
obtained  appear  in  Fig.  11.  A  marked  contrast  between  Fig.  15  and 
Fig.  16  is  immediately  noted ;  a  difference  in  water  rate  of  3^  lbs. 
existing  between  the  1,000  and  the  8,000  kw.  units  of  the  Curtis  pat- 
tern, and  but  0.5  lb.  difference  over  the  same  range  of  capacities  in 
the  Westinghouse-Parsons  machines.  This  may  be  understood  after 
a  consideration  of  the  constructive  features  of  the  two  patterns  of 
turbines.  In  the  Westinghouse-Parsons  pattern,  the  larger  units 
are  but  magnified  copies,  if  you  please,  of  the  smaller  sizes,  and  thus 
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the  energy  losses  bear  the  same  relation  to  the  capacity  in  any  sized 
unit.  On  the  other  hand,  the  smaller  Curtis  turbine  units  are  con- 
structively quite  different  from  the  larger  machines,  and  the  ratio  of 
energy  losses  to  capacity  is  greater  in  the  smaller  sizes. 


Fig.  17. 
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As  mentioned  above,  Fig.  17,  presents  the  steam  economy  of 
Westinghouse-Parsons  units  of  various  rated  capacities,  under  the 
actual  operating  conditions.  It  is  significant  that  the  curve  of  water 
rate  of  the  400  k\v.  unit  coincides  with  the  curve  of  the  5,500  kw. 
machine  up  to  their  normal  capacities.  Both  machines  were  operat- 
ing under  similar  initial  and  final  pressures,  but  the  small  unit  was 
supplied  with  steam  superheated  100  deg.,  whereas  the  initial  steam 
for  the  large  machine  was  saturated. 

It  is  exceedingly  important,  as  suggested  above,  that  accurate 
means  be  secured  for  reducing  the  performance  to  a  common  basis 
for  purposes  of  comparison,  whether  various  types  and  sizes  of  units 
are  involved,  or  the  agreement  of  actual  performance  with  guaran- 
tees in  contracts  is  in  question.  For  these  purposes  "performance 
curves"  should  always  be  determined  which  will  present  the  varia- 
tion in  economy  due  to  changing  conditions  of  vacua,  superheat, 
pressure,  etc.  Typical  "Performance  Curves"  are  shown  in  Fig. 
18.  Most  significant  of  these  curves  and  most  worthy  of  special 
mention  is  the  "Initial  Pressure"  curve,  which  demonstrates  the 
futilitv,  from  the  standpoint  of  economy,  of  increasing  the  initial 
pressure  much  above  140  lbs.  gage.  Up  to  this  point  the  inclination 
of  the  curve  is  quite  marked,  and  the  advantage  of  increasing  pres- 
sures as  a  means  of  reducing  water  rates  very  apparent.  Beyond 
this  point,  the  curve  tends  to  become  more  nearly  parallel  to  the  pres- 
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sure  co-ordinate,  indicating  an  advantage  and  that  a  somewhat  ques- 
tionable one,  only  in  gaining  capacity.  This  deduction  is  in  accord 
with  numerous  investigations  recently  conducted,  which  have  re- 
sulted in  a  diminishing  of  enthusiasm  for  high  initial  steam  pressures. 
Some  time  ago,  Professor  W.  F.  M.  Goss,  Dean  of  the  Engineering 
College  at  the  University  of  Illinois,  at  that  time  occupying  a  sim- 
ilar position  at  Purdue  University,  presented  a  paper,  which  has 
been  widely  distributed,  based  upon  investigations  of  the  influence  of 
increasing  boiler  pressures  upon  the  performance  of  steam  locomo- 
tives. The  results  presented  were  in  direct  accord  with  the  preceding 
discussion.  It  will  be  of  interest  to  mention  that  the  government  en- 
gineers in  charge  of  the  steaming  tests  of  the  U.  S.  Geological 
Survey  have  also  advanced  the  proposition  that  lower  steam  pres- 
sures and  high  degrees  of  superheat  will  be  found  desirable  and 
economical  in  the  operation  of  steam  prime  movers.  Curves  of  the 
same  form  as  the  one  under  discussion  were  secured  in  the  Mechan- 
ical Engineering  Laboratory  at  the  University  of  Illinois  from  tests 
of  a  small  turbine  unit,  of  velocity  or  impulse  type. 

For  some  reasons  it  would  be  desirable  to  present  performance  and 
load  curves  for  many  other  turbines  that  are  now  playing  an  impor- 
tant part  in  the  design  and  operation  of  power  plants.  Numerous 
comparisons,  however,  have  indicated  that  the  curves  here  presented 
for  the  Curtis  and  Westinghouse-Parsons  machines,  representing, 
as  they  do,  the  two  chief  types  of  turbines,  are  characteristic  both 
in  form  and  in  the  absolute  values  given,  of  all  steam  turbines  of  their 
respective  types. 

Before  passing  from  the  consideration  of  steam  economy,  it  will 
be  well  to  consider  examples  of  the  numerous  smaller  machines  that 
are  attracting  attention.  Among  the  turbines  of  this  class  that  have 
appeared  quite  recently  are  the  Kerr,  Fig.   19,  the  product  of  the 
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Kerr  Steam  Turbine  Company  of  Wellsville,  New  York;  the  Sturte- 
vant,  Fig.  20.  recently  perfected,  and  new  being  vigorously  supported 
by  the  B.  F.  Sturtevant  Company,  and  the  Terry,  Fig.  21,  built  b)  the 

Terry  Steam  Turbine  Company  of  Hartford,  Connecticut.  These 
small  machines  are  all  of  the  multi-stage  impulse  type,  the  Kerr 
applying  the  principle  of  the  Peltcn  wheel  and  all  of  the  other  men- 
tioned being  modifications  of  the  Riedler-Stumpf  pattern  hereto- 
fore discussed. 


Fig.  19. 

These  small  machines  are  designed  for  relatively  small  capacities 
of  from  15  to  200  b.  h.  p.,  and  usually  for  some  special  application 
such  as  driving  D.  C.  electric  generators,  blowers,  centrifugal 
pumps,  etc.,  and  where  close  regulation  is  desirable  at  comparatively 
high  speeds.  In  general,  they  are  designed  to  operate  non-condens- 
ing, with  saturated  steam,  and  under  such  conditions  give  practically 
the  same  steam  economy  as  a  well  designed  high  speed  reciprocating 
engine  of  similar  capacity.  The  accompanying  curve-.  Fig.  22. 
show  the  close  agreement  of  the  steam  economy  of  a  high  speed 
simple  reciprocating  engine.  Curve  All,  and  a  six  stage  Kerr  Tur- 
bine, Curve  CD.  each  rated  at  fx)  b.h.p.,  and  operating  with  an  initial 
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steam  pressure  of  150  lbs.  gage,  150  deg.  Fahr,  superheat,  and  ex- 
hausting to  the  atmosphere.  Curve  EF  represents  the  steam  econ- 
omy of  the  same  turbine,  using  saturated  steam.     It  will  be  ob- 


Fig    20. 

served  that  the  superiority  of  the  turbine  is  quite  apparent  at  low 
loads,  due,  no  doubt,  to  the  reduction  of  the  windage  loss  occasioned 
by  the  decrease  in  density  of  the  steam  at  lower  stage  pressures,  a 
fact  that  is  characteristic  of  large  as  well  as  small  units.  In  thi> 
connection  it  will  be  interesting  to  note  the  graphical  representation 
in  Fig.  23,  of  the  relation  between  Volume,  Temperature  and  Pres- 
sures below  atmosphere.  The  rapid  increase  in  specific  volume 
from  4  inches  to  J4  inch  mercury,  absolute  pressure,'  is  closely  related 
to  the  increase  in  turbine  economy,  noted  in  Fig.  10. 

LOW    PRESSURE    TURBINES. 

A  number  of  plants  have  been  installed  more  or  less  recently  that 
have  employed  low  pressure  turbines  as  prime  movers,  which  are 
operating  on  the  exhaust  steam  from  reciprocating  engines  in  the 
same  station.  By  this  means  great  economy  is  effected  in  the  use 
of  the  steam,  and  a  saving  of  practically  65%  may  be  effected 
by  the  use  of  a  high-vacua  condensing  equipment.  Practically  all  of 
the  builders  of  turbines  of  large  capacity  have  developed  a  low  pres- 
sure turbine  and  these  are  playing  a  prominent  part  in  the  design  of 
power  plant  extensions. 
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Fig.  21. 


In  many  stations  where  reciprocating  engines  are  installed  they 
are  operating  non-condensing  on  account  of  the  lack  of  an  easily 
available  water  supply,  and  the  very  considerable  expense  involved 
in  the  installation  of  cooling  towers.  In  such  plants,  low  pressure 
turbines  may  be  installed,  which,  operating  between  atmospheric 
initial  pressure  and  28  inches  vacuum,  will  in  many  cases  practically 
double  the  normal  capacity  of  the  plant.  This,  it  is  apparent,  would 
justify  the  installation  of  cooling  towers  and  the  most  efficient  con- 
densing apparatus,  and  the  result  would  he  attained  without  addi 
tional  fuel  or  attendance  charges.  These  turbines  may  be  used  to 
advantage  with  engine-  in  intermittent  service,  such  as  rolling  mill 
engines,  where  the  -team  supply  is  controlled  by  regenerating  ap- 
paratus. 
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Mr.  Lionce  Battu  very  ably  discussed  the  principles  involved  in 
this  problem,  in  his  paper  before  this  society  in  September,  1904. 
One  of  the  prominent  installations  of  low  pressure  turbines 
been  made  indicate  a  water  rate  well  within  the  guarantee.* 

It  may  be  of  interest  to  know  that  the  General  Electric  Company 
is  now  prepared  to  contract  for  the  installation  of  Low  Pressure 
Turbine  Alternators  of  capacities  (maximum  continuous)  ranging 
from  300  to  7000  kilowatts  in  machines  for  60  cycle  current  with 
standard  voltages;  and  of  capacities  from  1200  to  7000  kilowatts  in 
machines  for  25  cycle  current  and  standard  voltages.  Low  Pressure 
Turbine  Units  for  Direct  Current  are  built  in  sizes  from  300  to  2000 
kilowatts.  The  guarantees  of  steam  economy  is  based  upon  initial 
steam  of  one  pound  gage  pressure,  exhausting  into  a  vacuum  of 
28  inches. 

Tests  made  in  the  shops  of  the  Westinghouse  Co.  upon  a  1250  kw. 
low  pressure  unit  have  resulted  in  a  water  rate  of  30  lbs.  per  b.h.p.hr., 
this  being  the  equivalent  of  approximately  38  lbs.  per  kw.hr. t 

HEAT    EFFICIENCIES. 

The  Willans  Robinson  Company  of  England,  the  builders  of  a 
popular  and  efficient  type  of  reciprocating  engine,  have  been  experi- 
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menting  for  some  years  upon  improvements  in  the  Parsons  type  of 
turbine.     Results  have  been   secured  that  are  very  satisfactory  to 


♦French's  Steam  Turbines. 

tj.  R.  Bibbins,  Electrical  Journal. 
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the  builders,  and  they  are  now  doing  a  large  turbine  business.  A 
contract  recently  entered  into  by  this  company  for  the  construction 
and  erection  of  a  3,000  kw.  unit  contained  a  performance  guarantee 
clause,  stipulating  a  water  rate  of  12.9  lbs.  per  kw.-hr.  No  data  was 
presented  with  reference  to  the  conditions  of  operation,  but  by  ref- 
erence to  the  curves  of  Fig.  8,  it  will  be  seen  that  this  is  equal  to  the 
best  performance  of  the  8,000  kw.  Curtis  turbine. 

Now,  just  what  does  it  mean  for  a  turbine  to  develop  a  kilowatt 
at  the  switchboard  on  a  steam  consumption  of  12.9  lbs.  per  hr.  ? 
This  is  the  equivalent  of  9.54  lbs.  per  e.h.p.  or  with  a  generator 
efficiency  of  96%  it  is  the  equivalent  of  9.17  lbs.  of  steam  per 
b.h.p.hr.,  further,  assuming  a  mechanical  efficiency  of  94  per  cent 
for  the  prime  mover,  it  is  the  equivalent  of  8.62  lbs.  per  i.h.p.hr.. 
certainlv  a  commendable  performance.  According  to  the  British 
Standard  as  recommended  in  the  report  of  the  committee  of  the 
American  Society  of  Mechanical  Engineers  on  Standard  Code  for 
Steam  Engine  Tests,  this  performance  gives  a  thermal  efficiency  of 
21.4%,  closelv  approaching  the  best  performance  of  internal 
combustion  engines.  The  "potential  efficiency"  of  heat  engines  pre- 
sents a  much  more  satisfactory  basis  of  comparison  than  "thermal 
efficiency"  just  discussed.  This  efficiency  is  defined  as  the  ratio  of 
the  ideai  to  the  actual  heat  change  per  unit  of  power.  Assuming  an 
absolute  pressure  of  iqo  pounds,  150  deg,  F.  superheat  and  a 
vacuum,  referred  to  30  in.  barometer,  of  29  in.,  the  above  water  rate 
is  the  equivalent  of  a  potential  efficiency  of  67.770  based  upon 
energy  delivered  to  the  switch  board  and  75%  based  upon  lac* 
cated' horse   power   deduced   as   explained   above.     In    compans 
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it  is  interesting  to  note  that  the  official  trial  of  a  iooo  i.h.p.  double- 
acting,  twin-compound  Schmidt  engine,  operating  on  155  lbs.  initial 
steam  pressure,  25.4  in.  vacuum  and  330  deg.  Fah.,  superheat,  gave 
a  potential  efficiency  of  83.3%.  This  represents  the  best  modern 
practices. 

Thus  it  will  be  seen  that  we  are  fast  approaching  the  limit  of 
economy  in  the  prime  mover  itself,  and  future  developments  must 
be  looked  for  in  the  steam  generator.  Greater  economy  must  be  se- 
cured in  the  performance  of  the  boilers.  It  is  significant  that  practi- 
cally the  same  rated  boiler  capacity  was  installed  for  the  first  5,000 
kw.  unit  in  the  Fisk  Street  Station  of  the  Commonwealth  Edison 
Company  of  Chicago,  as  six  years  later,  was  installed  to  operate 
the  9,000  kw.  units.  This  points  to  developments  in  boiler  practice 
as  well  as  to  remarkable  advances  in  the  large  turbo  units. 

BOILER  ECONOMY. 

In  most  plants,  the  steam  driven  auxiliaries  do  not  furnish  enough 
exhaust  steam  to  heat  the  feed  water  above  120  deg.  Fah.  The 
possibility  of  increasing  economy  by  using  hot  feed  water  has  been 
taken  advantage  of  in  some  cases  by  the  installation  of  economizers, 
though  their  ultimate  practicability  still  remains  a  much  discussed 
question.  Other  engineers  have  taken  steam  from  the  second  or 
third  stage  of  the  turbines  to  increase  the  feed  water  temperature 
and  this  without  suffering  a  deleterious  effect  in  economy. 

In  a  recent  article  before  the  American  Institute  of  Electrical  En- 
gineers, Mr.  J.  T.  Findlay  presented  a  very  interesting  discussion  of 
experiments  with  double  stoker  boilers  in  the  power  plant  of  the 
Interborough  Rapid  Transit  Company  of  New  York  City,  made  un- 
der the  general  supervision  of  Mr.  H.  G.  Stott,  superintendent  of 
motive  power  of  the  Interborough  Company.  These  boilers  were 
500  h.p.  units  set  with  two  Roney  stokers,  one  as  in  the  standard 
setting  and  the  other  at  the  rear  at  a  somewhat  lower  level.  The 
horizontal  baffling  was  so  arranged  that  the  gases  from  both  stokers 
intermixed  and  traversed  the  same  passes  over  the  heating  surface. 
This  increase  in  volume  of  gases,  with  the  resultant  higher  velocity, 
effected  an  increase  in  capacity  of  80%  with  no  appreciable  differ- 
ence in  overall  efficiency. 

This  suggests  what  is  very  much  discussed,  namely,  the  possibility 
of  securing  a  greater  amount  of  work  from  our  boilers.  It  leads  to 
the  prediction  that  we  are  rapidly  approaching  the  point  when  we 
will  be  able  to  rate  water  tube  boilers  on  a  basis  of  five  square  feet 
of  heating  surface,  per  h.p.  instead  of  ten,  as  now  used.  Experi- 
ments such  as  are  now  being  made,  of  which  the  one  cited  is  a  good 
example,  foreshadow  the  design  and  operation  of  larger  boiler  units, 
the  reconsideration  of  generally  accepted  theories  regarding  heat 
transmission  through  boiler  heating  surface,  and  the  re-design  of 
boiler  settings  that  have  been  standard  for  years.     There  must  be  a 
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constant  striving  for  better  evaporative  performance;— for  a  de- 
crease in  the  radiation  and  unaccounted  for  losses  in  boiler  practice, 
if  this  factor  in  power  plant  development  is  to  keep  pace  with  the 
modern  prime  movers. 

RATING    OF    STEAM    TURBINES. 

An  inspection  of  the  curves  of  Fig.  14  and  Fig.  17  suggests  a  verv 
significant  fact  pertaining  to  the  rating  of  steam  turbines.  The 
maximum  steam  economy  is  obtained  at  loads  varying  from  115  to 
I3°%  of  the  rated  capacity  of  the  units,  and  no  considerable  increase 
in  water  rate  occurs  at  150^  of  the  normal  rating.  This  is  in  direct 
contrast  to  the  conditions  which  obtain  in  reciprocating  engine  prac- 
tice, where  increasing  the  load  above  the  normal  rating  or  point  of 
maximum  economy,  brings  about  a  marked  increase  in  the  water 
rate.  The  reciprocating  units  are  designed  to  sustain  a  certain  over- 
load for  a  period  of  time,  usually  50%  for  two  hours,  but  it  is  obvi- 
ous that  this  maximum  capacity  should  not  form  the  basis  for  nor- 
mal rating.  In  the  light  of  these  facts,  a  change  is  being  effected  in 
the  system  of  rating  turbines,  and  it  will  not  be  long  until  such  rating 
will  be  based  upon  the  continuous  maximum  operating  capacity  in- 
stead of  upon  a  normal  load  basis  of  the  turbines,  and  generators 
will  be  installed  capable  of  such  continuous  operation.  It  will  be 
seen  that  this  will  not  present  a  radical  departure  from  the  practice 
which  now  obtains  with  reference  to  some  prime  movers,  such  as  gas 
engines  or  water  turbines,  where  the  best  porformance  occurs  at 
points  of  maximum  capacity,  and  where  guarantees  of  performance 
seldom  contemplate  any  considerable  overload  capacity. 

The  General  Electric  Co.  are  taking  a  prominent  part  in  effecting 
the  changes  in  the  rating  system  just  discussed.  The  guarantees  of 
this  company  will  contemplate  continuous  operation  at  maximum 
capacity.  It  seems  reasonable  to  suppose  that  this  method  of  rating 
will  soon  govern  the  practice  of  all  builders  of  turbines,  particularly 
of  units  of  large  capacity. 

VENTILITION    OF    GENERATORS. 

The  operation  of  turbo-alternators  at  their  maximum  capacity  for 
periods  of  considerable  length  has  caused  some  little  concern  regard- 
ing the  ventilation  of  the  generators,  on  account  of  the  unusual  in- 
crease in  temperature  of  the  windings,  in  a  number  of  instances.  In 
the  vertical  machines  where  the  generator  is  placed  upon  a  low 
stool  directly  above  the  turbine  and  separated  from  it  by  a  short  dis- 
tance, various  systems  have  been  used  with  varying  degrees  of  suc- 
cess until  now  a  special  duct  is  sometimes  provided  for  the  introduc- 
tion of  cool  air.  the  flow  being  superinduced  by  the  draft  of  the 
rotating  element.  It  can  be  seen  that  the  problem  presented  is  more 
complex  in  this  instance  than  in  the  case  of  the  horizontal  machine. 
In  the  latter  type  of  turbine,  the  closed  type  of  generator.  Fig.  -'4. 
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Fig.  24. 


has  become  quite  popular.  This  form  of  construction  permits  the 
application  of  a  very  effectual  closed  forced  or  induced  draft  system 
with  the  blower  on  the  generator.  In  some  cases  this  is  supplemented 
by  an  independently  driven  blower  to  reduce  the  heating  effect  during 
periods  when  unavoidably  heavy  overloads  occur.  This  careful  at- 
tention to  generator  ventilation  insures  greater  safety  and  makes 
possible  the  attainment  of  an  overload  margin  hitherto  quite  im- 
practicable and  unsafe. 


CONCLUSION. 

A  number  of  matters  pertaining  to  recent  steam  turbine  develop- 
ment have  been  discussed.  There  are  many  others  that  might  be 
profitably  considered  at  this  time,  such  as  improvements  and  inven- 
tions pertaining  to  system  of  governing,  methods  adopted  for  secur- 
ing blades  to  the  stationary  and  rotary  elements  to  prevent  danger- 
ous stripping,  new  devices  for  balancing  end  thrust  in  horizontal 
machines,  the  design  and  operation  of  large  condensing  units,  etc., 
etc.  All  of  these  are  of  importance  and  constitute  the  distinguishing 
features  in  particular  machines,  but  lack  of  space  prevents  a  discus- 
sion of  them  at  this  time. 

In  conclusion  it  should  not  be  said  or  inferred  that  the  steam  tur- 
bine is  supplanting  the  steam  engine  in  the  broad  field  of  the  latter's 
usefulness,  nor  that  the  days  of  the  "old  reliable"  are  numbered. 
Certain  it  is,  however,  that  for  electric  generation  for  all  purpDses, 
particularly  in  large  units,  the  steam  turbine  of  the  past  decade  has 
proven  its  superiority. 

The  importance  of  the  subject  in  hand  should  impress  every  en- 
gineer and  it  is  urged  that  a  continuous  effort  be  made  by  our  so- 
ciety to  keep  pace  with  the  rapid  progress  of  the  steam  turbine  as 
a  prime  mover.  It  is  hoped  that  the  discussion  of  this  paper  will 
develop  interesting  and  valuable  information  for  all. 
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STEAM  TURBINE  DEVELOPMENT. 

Chronological  Table. 

120  B.  C.      First  Reaction  Turbine,  Aeolpile;  Hero  of  Alexandria. 
1629  A.  D.     First  Impulse  Turbine.     Grovannia  Branca  of  Rome. 
1629  First    Attempt    to   Utilize    Steam    Turbine   at    Moderate   Speeds. 

Real  and  Pichon,  France. 
1831  First   United  States'    Patent.     10  H.   P.   Reaction  Turbine,  Wm. 

Avery,  Buffalo,  X.  Y. 
1838  Experiments  with  Expanding  Nozzles  in  "Avery"  Turbine.  Leroy. 

1842  Compound     Principle    Applied.     Attempt    to    Design     Reversing 

Turbine.     Pilbrow. 
1848  Compound    Reaction    Turbine,    the    Forerunner    of    the    Parsons 

Type.     First    to    Properly    Consider    the    Effect    of    Increasing 

Volumes  with  Decreasing   Pressures.     Wilson. 
1853  Speed  Reduction  by  Gears.    Cut  Off  Ring  for  Governing.     Delon- 

chant. 

185S  Compound  Impulse  Turbines,  Suggesting  the  Modern  Curtis  Ma- 

chine.    John  and  Ezra  Hartman. 

1863  Return  Pipes  and  Double  Set  of  Blades  to  Cause  Double  Action 

of  Steam  on  the  Same  Wheel,  Hoehl,  Brakell  and  Gunther. 
1877  Compound    Impulse    Turbine    Employing    Gradually    Increasing 

Steam    Areas.     Forerunner    of    Hamilton-Holzwarth    Machine. 

Moorhouse. 
1879  Compound  Radial  Flow  Turbine.     Cutler. 

1881  Compound    Impulse    Turbine    with    One    Wheel.     Semi-Circular 

Buckets.     Imray. 

1883  Speed    Reduction    by    Friction    Gearing    in    Turbine   of    "Avery" 

Principle.     This  was  the  First  Patent  of  the  Famous  De  Laval. 

1884  Radial  Inward  Flow  Turbine.     Speed  Reduction  by  Spur  Gears 

and  Pinion.     Babbitt. 

1885  Balanced   End   Thrust  by   Dividing   Machine   into   Two   S.eparate 

Sections.     Hon.  C.  A.  Parsons. 
188S  Pressure  Stage  Feature  Invented.     Parsons. 

1893  Radial   Outward  Flow   Type.     A    Popular   Machine  of  the  Early 

Day.    Dow. 

1894  Expanding  Nozzle  Patented.     De  Laval. 

1894  Patent  Covering  L'se  of  Expanding  Nozzles  with  Compound  Im- 

pulse Turbines.  Precedes  Curtis  Patents  by  Two  Years.  Mai- 
son  Breguet. 

1894  Beginning  of  Pelton  Wheel  Type  of  Steam  Turbines.      McElroy. 

1894  Single  Wheel  with  Pelton  Buckets,  Employing  Special  Reversing 

Mechanism.     Rateau. 

1895  Design  of  "puff"    Governor   for    Parsons   Type  of   Construction. 

Parsons. 

1895  Applies  Expanding  Nozzles  to  Compound  Impulse  Turbine.     An- 

other Forerunner  of  the  Curtis   Machine.     Sebastian  Ferranti. 

1896  Group   of   Patents   Secured  by   C.   G.   Curtis,  now   Controlled   by 

General     Electric    Company.      Various  a     the 

Application  of  Expanding  X  Multi-Stage  Impulse  Tur- 

bines.    Special  Cur  nor. 

1897  Effort  to  Mix  Water  with  Steam  to  Reduce  Velocity.     Fault  Lies 

in  Reduced  Kinetic  Energy.     Bollman. 
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1898  Special    Modification    of    Pelton    Wheel    Buckets.      Nickel    Steel 

Square  Section  Expanding  Nozzles.  Nickel  Steel  Wheel  Discs. 
Stumpf,  Berlin. 

1900  Radial  Arms  Machined  in  the  Shape  of  Pelton  Buckets  for  Con- 

siderable Distance  from  Circumference.     Zoelly. 

1903  Modified  Form  of  Zoelly  Turbine.     Cup  Shaped  Buckets.     Wheel 

and  Speed  Reducing  Gears  Rotate  in  Steam  Chamber  to  Re- 
duce Noise.  Increase  Durability  and  abolish  Packing  Glands. 
Richards. 

1904  Cup     Shaped     Pelton    Wheel     Buckets.      Throttling     Governor. 

Designed  to  Run  Non-Condensing  with  Saturated  Steam.    Kerr. 

1905  Warren   Steam  Turbine.     Composite  Type   Providing  Expansion 

only  in  fixed  Blades.     Drum  similar  to  Parsons  Type.     100  to 
3,000   Kw.    Units.     Warren    Electric    Manufacturing    Company. 
Mr.  E.  C.  Crocker. 
1005  Hamilton   Holzwarth.     Modifications    of  Riedler-Stumpf.      Com- 

posite Type.  Throttling  Governor  with  One  Main  Valve.  High 
and  Low  Pressure  Sections  for  Large  Units. 

DISCUSSION. 

President  Loweth:  What  is  the  relative  durability  of  the  steam 
turbine  as  compared  with  the  reciprocating  engine?  Has  the  steam 
turbine  been  in  service  long  enough  to  determine  that? 

Prof.  Thorpe:  I  cannot  answer  that  question  positively,  Mr. 
President.  Turbines  have  been  installed  for  years,  it  is  true,  and 
yet  the  changes  have  been  so  marked  throughout  recent  years  it 
would  be  difficult  to  base  any  estimate  on  anything  except  main- 
tenance charges  and  data  of  that  sort,  which  are  not  always  avail- 
able. The  simplicity  and  construction  would  have  some  bearing 
upon  that,  and  I  see  no  reason  why  the  steam  turbine  should  not  be 
even  more  durable  than  the  reciprocating  engine. 

Mr.  W.  L.  Abbott,  m.w.s.e.  :  I  think  this  Society  is  fortunate  in 
having  this  matter  presented  by  one  who  not  only  is  thoroughly 
familiar  with  the  theory  of  the  turbine,  as  a  professor  of  Mechanical 
Engineering,  but  also  is  familiar  with  it  as  a  practical  working  en- 
gineer. 

At  the  beginning  of  the  paper  we  were  shown  what  the  earliest 
steam  prime  movers  were — steam  turbines — and  for  several  cen- 
turies the  entire  development  of  steam  power  was  in  that  line,  and 
had  it  not  been  for  the  impetus  given  to  reciprocating  engines  by  the 
work  of  Watt,  and  others  of  his  time,  the  turbine  would  very  likely 
have  been  commercially  developed  a  century  ago,  and  would  have 
been  the  real  ( steam)  prime  mover,  but  on  account  of  the  work  done 
by  those  engineers,  the  reciprocating  engine  was  developed  to  a 
higher  degree  than  the  steam  turbine,  and  therefore  held  the  field. 
Work  on  steam  turbines  was,  however,  continued  by  various  in- 
ventors, and  I  think  a  careful  study  of  the  history  of  the  subject 
would  reveal  the  fact  that  at  any  time  during  the  past  125  years  the 
steam  turbine  has  not  been  more  than  two  decades  behind  the  recip- 
rocating engine,  in  its  development.     In  other  words,  had  the  de^ 
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velopment  of  the  reciprocating  engine  been  delayed,  say,  twenty 
years  at  any  time,  or  had  there  been  such  an  impetus  to  the  steam 
turbine  as  we  had  given  to  the  reciprocating  .  engine,  the  turbine 
would  have  been  the  commercial  prime  mover  long  ago. 

The  speaker  shows  a  diagram  containing  three  curves,  represent- 
ing the  improvement  in  the  economy  of  the  Curtis  turbine  within  a 
period  of.  say,  five  years.  The  water  rate  on  the  first  was  about  24 
lbs. ;  the  water  rate  on  the  last  one  is  but  a  little  more  than  half  that. 

In  the  latter  part  of  this  paper  some  figures  are  given,  showing 
that  the  turbine  now  is  developed  to  within  25  per  cent,  of  the  ulti- 
mate possibility.  That  is,  we  now  realize  within  25  per  cent,  of  the 
highest  economy  which  will  ever  be  possible  with  the  steam  turbine 
or  any  other  steam  motor.  When  we  consider  that  within  the  past 
five  years,  we  may  say,  the  water  rate  has  been  cut  in  two  and  con- 
sider what  little  margin  remains  to  work  on,  we  see  that  the  steam 
turbine,  as  far  as  efficiency  is  concerned,  is  very  near  the  end  of  its 
road.  There  are  possibilities  remaining  yet,  of  course  for  improve- 
ment in  its  general  design,  greater  reliability  perhaps,  or  cheaper 
construction,  etc.  There  is  also  a  possibility  of  improving  boiler 
economy  by  perhaps  one-third,  but  when  we  approach  the  not  dis- 
tant limit  of  economy  of  the  boiler  and  of  the  turbine  we  shall  be 
obliged,  as  the  speaker  intimated,  to  turn  to  some  other  prime  mover 
to  obtain  still  higher  economies. 

The  development  of  water  power  is  now  demanding  the  attention 
of  engineers  and  capitalists,  but  to  me  it  seems  that  those  who  are 
putting  their  money  in  these  ventures  do  not  fully  realize  the 
changed  conditions  brought  about  by  the  development  of  the  steam 
turbine.  A  steam  power  house  can  now  be  built  at  a  cost  far  below 
the  development  cost  of  most  any  water  power,  and  the  fixed 
charges  on  the  steam  turbine  plant,  if  located  near  the  place  where 
its  power  is  to  be  used,  will  be  far  below  that  of  a  water  power  with 
a  long  transmission  line.  The  power  of  Niagara  Falls,  or  any  cither 
great  waterfall,  is,  of  course,  a  potential  source  of  wealth,  but  its 
value  I  consider  has  been  greatly  diminished  relatively  of  recent 
years  by  the  development  of  the  steam  turbine  and  the  general  devel- 
opment of  large  power  houses,  which  permit  the  generation  of  power 
from  coal  with  a  lower  initial  investment,  and  with  very  little  higher 
operating  costs. 

President  Loweth  :     The  steam  turbine  seems  peculiarly  adapted 
for  the  generation  of  electrical  energy  and  for  marine  pur] 
it  being  used  to  any  great  extent  for  other  than  these  purpos 

Professor  Thorpe:  There  are  a  number  of  special  applications  of 
the  steam  turbine,  and  perhaps  the  most  prominent  one  i-  that  in 
connection  with  centrifugal  pumping  machinery.  The  recent  devel- 
opment in  design  and  operation  of  centrifugal  pump-  presents  a 
promising  field  for  the  steam  turbine.  Mosl  of  the  turbines  of 
smaller  capacity  have  also  been  used  in  blower  work. 
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Prof.  A.  W.  Moseley,  m.w.s.e.  :  I  always  rather  assume  that  the 
over  load  capacity  is  limited  largely  by  the  electrical  rather  than  the 
steam  part  of  the  unit,  particularly  with  turbo-generators.  I  would 
ask  if  that  is  not  true,  or  whether  it  is  more  a  matter  of  electrical 
design  to  make  the  generator  of  sufficient  capacity? 

Prof.  Thorpe:  I  have  in  mind  instances  where  the  opposite  con- 
ditions have  been  obtained  in  machines  of  very  similar  construction. 
I  believe  that  the  generators  will  always  be  designed,  as  far  as 
possible,  to  take  care  of  the  overload  capacity  of  the  turbine.  For 
example,  if  the  turbine's  maximum  capacity  is  14,000  k.w..  the  guar- 
anteed maximum  operating  capacity  of  the  generator  will  also  be 
14,000  k.w. 

Mr.  C.  G.  Y.  King:  I  was  recently  in  a  small  town  where  I  saw 
a  turbine  that  had  been  opened  up  for  investigation  and  some  slight 
repairs,  and  in  which  there  was  a  heavy  deposit  of  mud.  This 
turbine  was  operated  by  what  was  considered  to  be  pure  steam.  The 
circulating  water  was  taken  from  the  river  and  was  passed,  through 
the  surface  condensers ;  the  steam  was  supplied  by  one  or  two 
boilers  through  a  superheater.  What  I  would  ask  is  if  anyone  knows 
of  a  similar  case,  and  what  the  condition  of  the  superheater  was ; 
how  much  mud  there  was  in  it,  and  what  effect  the  mud  had  on  the 
buckets  of  the  turbine.    . 

Mr.  A.  Bement,  m.w.s.e.:  In  answer  to  Mr.  King's  inquiry,  I 
will  say  that  it  is  probable  that  mud  was  carried  into  the  superheater 
by  water  which  went  out  of  the  boiler  with  the  steam,  or  in  other 
words,  by  a  condition  of  priming.  This  is  entirely  reasonable,  as 
we  know  that  it  occurs  where  superheaters  are  not  employed,  due 
to  improper  design  in  boiler  drums  which  allow  water  to  be  carried 
with  the  steam,  and  such  water  will  be  accompanied  by  mud  that  is 
present  as  a  scum  on  the  surface. 

.  Prof.  Thorpe:  It  is  comparatively  easy  to  tell  what  would  hap- 
pen to  the  turbine  if  it  were  continually  operated  on  steam  and  mud. 
Most  of  us  have  seen  pictures  of  corrosion  due  to  wet  steam,  and  if 
there  are  any  solid  particles  it  would  only  aggravate  that  condition 
until  the  turbine  would  finally  become  of  no  use  at  all. 

President  Loweth :  What  is  the  relative  cost  per  H.P.  of  large  and 
small  sizes  of  steam  turbines  as  compared  with  reciprocating  engines 
of  approximately  equal  efficiency.  Of  course  the  answer  to  this 
question  must  necessarily  be  but  a  roughly  approximate  one. 

Prof.  Thorpe:  In  order  to  arrive  at  a  satisfactory  estimate  on 
that  particular  subject,  we  ought  to  agree  to  take  the  prime  mover 
and  generator  together  as  a  direct-connected  unit.  Ordinarily  we 
think  of  the  medium  size  of  reciprocating  engine  and  generator  as 
costing  about  $35.00  to  $40.00  per  k.  w.  In  any  event,  with  machines 
of  similar  capacity  I  believe  the  first  cost  of  the  turbine  driven  unit 
would  be  slightly  less  than  for  the  reciprocating  engine. 

Mr.   Wm.  B.  Jackson,   m.w.s.e.  :  In    his    remarks,    Mr.    Abbott 
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spoke  of  the  possibility  of  having  come  pretty  well  toward  the  limit 
of  efficiency  in  the  matter  of  steam  turbines".  In  this,  however,  I  am 
hardly  willing  to  agree,  because  in  the  old  days,  when  we  were  get- 
ting 88  per  cent.,  we  thought  we  were  very  nearly  the  limit  and  then 
ran  that  up  10  per  cent,  better.  We  also  have  the  saving  that  is  just 
as  active  and  important  in  the  question  of  cost  which  the  President 
has  just  brought  up,  and  there  is  no  reason  to  suppose  that  at  the 
present  time  we  have  even  approached  the  limit  of  reduction  in  the 
cost  and  manufacture  of  the  steam  turbine  generating  unit.  In  that 
same  regard  it  seems  worth  while  to  emphasize  the  fact  that,  al- 
though the  efficiency  element  may  be  very  different  as  regards  the 
steam  turbines  and  internal  combustion  engines,  yet  there  again  we 
have  that  element  of  cost,  which  is  a  very  important  factor  as  de- 
termining the  value  of  machinery. 

Prof.  Thorpe:  One  instance  of  a  large  machine  showed  rather  a 
decided  inclination  of  the  water  rate  curve  away  from  the  horizontal 
axis,  as  represented  in  the  chart  tonight.  That  is  the  condition  — it 
is  practically  the  same  except  not  quite  so  aggravated  as  obtains  in 
the  reciprocating  engine. 

Mr.  P.  Junkersfeld,  m.w.s.e.  :  Mr.  Jackson  called  attention  to 
the  possibility  of  further  reduction  in  cost  of  the  steam  turbine 
station.  That  reduction  can  be  made  in  two  ways.  Of  course  there 
are  some  further  possibilities  in  reduction  of  first  cost  of  the  unit  and 
in  increasing  its  efficiency.  In  neither  of  these  elements,  however, 
is  the  field  very  wide.  The  largest  possibility  is  in  reduction  of  cost 
of  other  elements  that  go  to  make  up  the  station.  It  is  the  incidental 
saving,  rather  than  the  direct,  that  offers  by  far  the  greatest  possi- 
bilities. 

Prof.  Thorpe  states  in  his  paper  that  a  contract  was  recently 
entered  into  by  the  Willans-Robinson  Co.  of  England,  for  the  con- 
struction and  erection  of  a  3,000  kw.  unit  which  contained  a  per- 
formance guarantee  clause,  stipulating  a  water  rate  of  12.9  lbs.  per 
kw.  hr.  Two  years  ago  the  standard  guarantee  of  the  A.  E.  G.  Co., 
of  Berlin,  was  13.2  lbs.  per  kw.  hr..  so  that,  in  the  last  two  years  they 
also  have  come  to  the  top  of  the  curve  and  have  not  made  much 
further  headway, — the  guarantee  being  very  little  better  than  that 
of  two  years  ago.  It  is  with  pride  that  we  note  that  one  of  the 
turbines  which  has  made  particularly  good  headway,  is  of  American 
invention,  most  of  the  other  patents  being  controlled  abroad. 

Referring  to  the  question  in  regard  to  the  generator :  There  have 
been  some  new  experiences  within  the  last  two  years,  largely  due  to 
the  fact  that  the  generator  design  for  turbines  was  necessarily  pat- 
terned after  water-wheel  practice.  After  the  large  turbines  were  run 
with  generators,  it  was  found  that  an  entirely  different  condition 
existed.  The  large  amount  of  energy  given  off  in  such  a  compara- 
tively small  mass  meant  that  the  maximum  temperature  would  be 
reached  in  a  short  time — less  than  half  an    hour.     The    result    has 
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been  re-rating  of  the  turbines  and  building  the  generator  big  enough 
so  it  can  reach  its  maximum  temperature  in  that  space  of  time. 

Mr.  A.  Bement,  m.w.s.e.  :  Professor  Thorpe's  paper  is  of  the 
very  greatest  value  and  to  my  mind  the  best  contribution  I  have  read 
on  the  subject  of  the  turbine.  Its  development  is  very  clearly  out- 
lined, enabling  one  to  readily  see  that  the  machine  has  arrived  at  its 
present  stage  of  growth  by  a  natural  process.  To  me,  the  most  im- 
portant feature  of  the  paper  as  indicating  the  enormous  improvement 
that  has  taken  place,  is  the  diagram,  Fig.  12,  the  water  rate  curves 
therein  speaking  for  themselves,  and  in  a  graphic  manner  demon- 
strating the  advancement  which  has  occurred  within  the  last  five 
years.  When  it  is  considered  that  the  steam  turbine  as  a  commercial 
machine  has  an  existence  of  but  a  few  years,  it  is  decidedly  signifi- 
cant that  such  great  improvement  should  be  effected  in  so  short  a 
time,  and  this  appears  favorable  to  early  realization  of  additional 
development. 

This  leads  to  the  matter  of  desirable  initial  steam  temperature  or 
degree  of  superheat,  and  I  would  like  to  ask  Professor  Thorpe  what 
degree  of  superheat  he  considers  most  beneficial,  and  if  he  has  any 
reason  for  limiting  it  as  long  as  it  is  not  of  sufficiently  high  tempera- 
ture to  cause  damage  to  metal  parts  of  the  apparatus. 

In  reference  to  the  tests  by  Dr.  Goss  with  high  pressure  steam  in 
locomotives,  I  do  not  think  the  reasonings  would  apply  to  turbine 
conditions,  because  if  I  understand  rightly,  the  difficulties  with  the 
locomotive  were  those  of  lubrication,  leakage  through  joints,  etc., 
features  which  do  not  have  an  application  in  turbine  practice.  The 
experience  of  the  United  States  Geological  Survey  probably  has  not 
been  sufficient  to  establish  an  authoritative  opinion  relative  to  the 
matter  of  desirable  steam  pressure.  This  idea  originated,  I  think, 
while  Mr.  Ray  was  in  the  employ  of  the  Chicago  Edison  Co.  At 
that  time  it  was  my  observation  to  him,  that  the  relatively  greater 
economy  of  the  steam  turbine  at  low  as  compared  to  high  pressures, 
suggested  the.  feasibility  of  carrying  less  steam  pressure  to  insure 
a  lower  temperature  of  the  contents  of  the  boiler,  so  that  heat  ab- 
sorption would  be  more  complete  with  consequent  higher  efficiency 
in  steam  generation,  and  the  question  was,  whether  this  would  be 
sufficient  to  overcome  the  loss  in  the  turbine  due  to  the  reduced  pres- 
sure, and  this  line  of  inquiry  suggested  the  possibility  of  very  high 
superheat  in  connection  with  it,  but  I  am  not  aware  that  the  Geologi- 
cal Survey  has  given  the  matter  further  consideration.  It  is  a  fact, 
however,  that  European  experience  (that  of  Schmidt,  for  example, 
who  obtained  very  high  efficiencies  with  reciprocating  engines), 
was  with  steam  at  a  high  degree  of  superheat,  but  with  prevailing 
types  of  boilers  high  superheat  requires  the  superheater  to  be  located 
close  to  the  fire  rather  than  near  the  chimney,  so  that  the  hot  gases 
may  act  upon  it  after  having  passed  over  only  a  small  portion  of  the 
boiler  surface. 
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I  think  it  unfortunate  that  as  a  general  thing  there  has  been  so 
little  discussion  of  the  factors  which  influence  efficiency  with  turbines. 
After  all,  when  the  matter  is  summed  up,  it  would  appear  there 
only  three  possible  sources  of  1"--.  to-wit : — 

a.  Heat  in  the  exhaust, 

b.  Radiation  from  the  exterior  of  the  machine, 

c.  Velocity  in  the  exhaust, 

and  strictly  speaking,  I  do  not  think  that  items  I,  2,  3,  4  and  5  given 
as  losses  on  page  540  of  the  paper,  should  he  so  considered  for  the 
following  reasons : — 

Friction  between  steam  and  the  metallic  surfaces  must  result  in 
the  generation  of  heat.  This  heat  is  either  returned  to  the  -team 
flowing  through  the  machine  or  else  radiated  away  from  the  exterior 
of  the  casing,  but  inasmuch,  however,  as  it  cannot  raise  the  tempera- 
ture of  the  turbine  casing  from  that  due  to  normal  condition,  it 
could  not  contribute  to  the  radiation  loss,  therefore  the  heat  would 
find  its  way  into  the  steam  to  be  transferred  into  work,  or  else  would 
escape  with  the  exhaust.  The  same  reasoning  applies  to  friction 
due  to  eddy  currents,  likewise  the  resistance  of  the  steam  to  rotation 
known  as  windage.  The  mechanical  friction  of  journals,  etc.,  which 
are  located  in  the  steam  spaces,  would  contribute  in  a  measure  to 
heating  of  steam.  The  figure  of  5  per  cent,  however,  is  so  high  that 
it  raises  the  question  whether  the  friction  of  the  entire  machine, 
generation  included,  is  not  charged  against  the  turbine.  At  all 
events,  for  a  study  of  the  heat  efficiency  of  the  turbine,  it  would  be 
desirable  to  eliminate  the  consideration  of  what  is  strictly  mechanical 
friction  occurring  outside  of  the  steam  chambers  of  the  machine. 
According  to  the  foregoing,  the  improvement  in  the  turbine  must 
certainly  have  occurred  through  a  reduction  in  the  amount  of  heat 
carried  away  in  the  exhaust  steam.  The  theory  of  the  turbine  de- 
mands that  it  be  more  efficient  than  a  reciprocating  engine,  and  if  I 
am  not  mistaken,  it  was  prophesied  that  such  result  would  be  ob- 
taied,  and  early  experience  must  have  been  more  or  less  of  a  surprise. 
In  view  of  the  fact,  however,  that  so  great  improvement  has  been 
accomplished  in  the  last  few  years,  would  indicate  that  if  still  more 
energy  of  the  steam  can  be  transformed  into  work  through  perfec- 
tion in  mechanical  design  and  construction,  there  will  be  a  demand 
for  a  very  high  degree  of  superheat. 

In  steam  engine  practice  the  term  leakage  is  quite  a  significant 
one.  Somehow  it  has  not  been  considered  so  important  a  matter 
with  reference  to  the  turbine,  but  I  think  that  leakage,  or  in  other 
w^rds,  a  condition  which  allows  -team  to  blow  through  the  machine 
into  the  condenser  without  doing  work,  should  have  more  recogni- 
tion than  it  has  thus  far  received. 

Relative  to  the  improvement  in  the  first  unit  of  5000  lew,  capacit) 
and  the  later  one-  of  9000.  I  feel  that  the  gain  has  been  very  largely 
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in  the  turbine  rather  than  in  the  boilers,  as  the  following  tends  to 
show : 

Boiler,  square  feet    5200  5200 

Superheater,  square  feet    960  960 

Grate  surface  in  square  feet '.  75  90 

Height  of  chimney,  feet   200  250 

which  I  think  shows  that  the  increase  in  capacity  from  the  boilers 
is  due  to  a  larger  grate  and  a  higher  chimney,  or  in  other  words, 
increased  facilities  for  burning  coal ;  while  on  the  other  hand,  the 
comparison  between  the  turbines  is  as  follows: 

Rated  capacity,  kw 5000  9000 

Water  rate  per  kw.,  pounds 23.85  12.94 

Pounds    of    steam    required    per    hour,    per 

turbine     1 19,250  1 16,460 

Ratio  between  steam  quantities  required....            1.024  1.00 

Thus  it  will  be  observed  that  the  demand  for  steam  by  a  9000  kw. 
turbine  is  2.4  per  cent  less  than  that  required  to  develop  5000  kw. 
with  the  old  machine,  eight  boilers,  of  course,  being  employed  in 
both  cases  to  supply  one  turbine. 

The  matter  of  ventilation  of  generators  is  one  which  interests  me 
very  much,  and  I  am  glad  to  see  that  Professor  Thorpe  has  said 
something  about  it.  In  this  connection  I  would  like  to  ask  him  what 
the  prospects  are  for  closing  up  generators  so  that  noise  may  be 
eliminated,  and,  effecting  ventilation  by  other  than  natural  means. 
To  me  the  greatest  objection  to  turbines  is  the  noise  made,  which  with 
the  early  example  of  the  Westighouse-Parsons  before  a  jacket  was 
applied,  was  very  serious  and  dangerous,  as  it  was  impossible  to 
know  through  sense  of  hearing  what  was  going  on  in  the  turbine 
room.  I  do  not  believe  the  matter  has  been  taken  up  seriously  with 
the  realization  of  what  the  requirements  demand.  The  magnitude 
of  the  problem  may  be  apprehended  if  we  assume  a  station  of  ten 
turbines  each  of  9000  kw.  capacity,  with  a  98  per  cent  efficiency. 
This  would  mean  a  liberation  of  6,141,600  heat  units  per  hour  equal 
to  burning  of  585  pounds  of  coal  in  the  same  length  of  time,  sufficient 
to  raise  5,174,136  cu.  ft,  of  air  per  hour  5  degrees  in  temperature. 
The  present  tendency  is,  of  course,  toward  a  much  larger  and  more 
expensive  generator,  having  high  efficiency  and  consequently  wast- 
ing less  energy  in  the  form  of  heat,  which  simplifies  the  problem. 

Prof.  Thorpe:  With  respect  to  the  two  questions  brought  up  by 
Mr.  Bement,  his  inference  is  true  that  the  tests  recorded  in  the 
paper  on  superheat  engines  were  made  with  a  high  degree  of  super- 
heat— 600  deg.  Fah.  It  is  characteristic  of  foreign  practice  to  use 
those  high  degrees.  The  average  in  this  country  I  think  might  be 
said  to  be  125  ^eg.  Fah.,  or  perhaps  a  little  less.  The  possibility  in 
the  use  of  higher  superheat  is  very  promising,  it  seems  to  me,  and  I 
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believe  most  of  us  are  looking  forward  to  developments  along  that 
line.  We  were  limited  in  the  past  by  mechanical  difficulties  rather 
than  a  more  or  less  complete  understanding  of  the  -team  action 
itself. 

With  reference  to  the  ventilation  of  generators,  I  feel  hardly 
qualified  to  speak  on  that  subject.  I  think  Mr.  Junkersfeld  can  pre- 
sent more  valuable  data  on  that  subject  than  1  can.  owing  to  his 
intimate  knowledge  of  electrical  design  and  his  relation  to  that 
practice.  No  doubt  we  are  all  familiar  with  the  efforts  being  made 
by  generator  designers  to  lessen  the  noise  and  give  better  ventila- 
tion. In  one  of  the  pictures  shown  was  a  Westinghouse  unit  com- 
pletely inclosed. 

This  feature  is  embodied  in  the  late  designs  of  turbo-generators 
by  all  of  the  prominent  builders.  It  makes  possible  the  use  of  me- 
chanical ventilating  systems,  and  reduces  the  noise  to  a  minimum. 

Mr.  Junkersfeld:  With  reference  to  the  matter  of  ventilation  and 
lessening  the  noise  of  generators,  this  is  something  that  all  the 
maufacturers  are  still  working  on.  It  is  easy  enough  to  close  a 
generator,  but  not  so  easy  to  keep  it  closed  and  get  results.  I  think 
that  after  another  two  years  have  gone  by,  some  of  the  problems 
that  are  now  puzzling  us  will  be  solved.  There  are  a  good  many 
installations  under  way  which  will  be  quite  different  from  anything 
thus  far  in  service,  and  we  shall  have  to  wait  a  little  time  before  we 
can  judge  of  their  effectiveness. 

President  Loweth :  Our  Past  President,  Mr.  Abbott,  suggests 
that  perhaps  there  are  some  engineers  who  have  not  kept  pace  with 
the  improvements  being  made  in  steam  turbines,  and  the  speaker, 
speaking  for  himself,  knows  this  to  be  true.  In  this  age  of  rapid 
evolution  in  engineering  matters,  there  is  a  great  deal  more  going 
on  than  one  mind  can  well  keep  in  touch  with.  Great  credit  is  due 
to  those  engineers  who  have  so  rapidly  brought  the  steam  turbine  to 
such  a  high  degree  of  efficiency,  and  especially  to  those  who  have 
had  the  courage  of  their  convictions,  both  to  buy  and  to  sell  such 
large  units  as  have  been  lately  successfully  installed,  and  it  is  grat- 
ifying that  their  success  has  been  so  marked. 

Mr.  C.  V.  Kerr  (by  letter)  :  I  am  glad  to  see  Prof.  Thorpe  take 
the  stand  he  does  on  comparing  the  performance  of  heat  engines  on 
the  potential  efficiency.  We  have  for  a  long  time  rated  water  wheels 
on  the  ratio  of  work  developed  to  the  potential  energy  of  the  water 
fall.  As  steam  expands  adiabatically  a  certain  amount  of  heat  is 
made  available  for  conversion  into  work  and  there  is  no  chance  what- 
ever for  the  engine  to  develop  more  than  this  theoretical  quantity. 
In  the  gas  engine  also  there  is  an  available  heat  represented  by  the 
fuel  value  above  the  normal  level  of  atmospheric  pressure  and  32 
degrees  F.  Tin-  potential  efficiency  basis,  therefore,  lovc-  a  just 
comparison  of  the  performance  of  different  classes  of  prime  mi 
under  the  condition-  in  which  they  are  compelled  to  operate. 
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this  basis  steam  turbines  and  steam  engines  have  developed  from  70 
to  80^  by  record  tests  of  the  theoretical  amount  of  power.  Water 
wheels  have  developed  80  to  85%.  The  gas  engine,  however,  devel- 
oping a  b.h.p.  on  12  cu.  ft.  of  natural  gas  with  a  heating  power  of 
900  B.t.u.  per  cu.  ft.  has  a  potential  efficiency  of  only  23.5%.  It  is, 
of  course,  true  that  the  actual  fuel  consumption  of  the  gas  engine 
per  b.h.p.  is  less  than  that  of  the  best  performance  of  the  steam 
turbine  or  steam  engine  at  present.  As  compared  with  the  steam 
engine,  however,  the  gas  engine  shows  a  far  lower  potential 
efficiency.  The  steam  boiler  will  put  into  the  steam  from  70  to  75% 
of  the  fuel  value  of  the  coal  burned.  The  combined  efficiency  of  the 
best  boilers  and  the  best  steam  turbines  will  be  close  to  50%" 
efficiency  on  the  basis  of  available  heat  due  to  expansion  of  the 
steam. 

There  is  a  great  field  for  the  steam  turbine  driven  auxiliaries  in 
power  plants.  As  stated,  in  most  plants  the  auxiliaries  do  not  furnish 
enough  exhaust  steam  to  fully  heat  the  feed  water.  The  exhaust 
steam  from  the  steam  turbine  is  entirely  free  from  oil  so  that  no 
trouble  or  danger  comes  from  this  source  to  the  boilers.  With  the 
installation  of  turbine  driven  boiler  feed  pumps,  circulating  pumps, 
hot  well  pumps,  exciters,  blowers  for  forced  draft  and  the  like,  the 
demand  for  exhaust  steam  to  heat  the  feed  water  will  be  met  with  a 
supply  of  exhaust  as  clean  as  when  it  comes  from  the  boilers.  If 
my  information  is  correct  trouble  has  come  in  economizer  installa- 
tions due  to  sweating  of  the  tubes  when  cold  feed  water  is  passed 
thru  them.  If  the  exhaust  steam  from  the  auxiliaries  is  first  used 
to  heat  the  feed  water  and  it  is  afterwards  passed  thru  the  econ- 
omizer tubes  such  trouble  with  sweating  will  be  largely  avoided  and 
the  further  use  of  chimney  gases  will  lead  to  the  highest  possible 
efficiency  of  the  plant. 

In  the  case  of  the  small  steam  turbine  used  for  driving  blowers, 
centrifugal  pumps,  generators  and  other  high  speed  machinery,  it  is 
almost  absurd  to  take  any  other  rating  than  that  based  on  the  con- 
tinuous maximum  operating  capacity.  If  a  blower  requires  30  h.p. 
what  is  the  use  of  putting  a  turbine  on  it  that  is  rated  at  25  h.p.  and 
giving  it  an  artificial  20%  overload  capacity  to  meet  the  demands 
of  the  blower?  The  same  thing  is  true  of  the  centrifugal  pump,  as 
well  as  of  driving  generators.  It  is  the  custom  of  my  Company  to 
put  into  the  turbine  the  maximum  h.p.  that  is  to  be  required  of  it 
under  operating  conditions  no  matter  what  the  driven  machine  may 
be  and  to  rate  the  turbine  accordingly.  I  believe  this  is  the  right  way 
to  meet  the  question  of  rating  and  that  this  practice  will  finally  pre- 
vail. 

Prof.  G.  A.  Goodenou^h  (by  letter)  :  In  the  question  brought 
up  by  Mr.  A.  Bement  regarding  the  losses  in  the  steam  turbine,  we 
must  take  issue  with  Mr.  Bement's  statement  that  Items  1,  2,  3,  4 
and  5  of  page  549,  should  not  be  considered  as  losses.    Take  the  case 
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of  Item  3,  Resistance  to  the  Rotation  of  Moving  Parts  in  Atmos- 
phere of  Steam,  or  Windage.  Here  work  is  converted  into  heat, 
and  as  Mr.  Bfement  states,  the  heat  is  returned  to  the  steam  in  su 
quent  stages.  To  be  sure,  there  is  no  loss  of  energy  ;  that  is,  our  law 
of  conservation  of  energy  is  not  violated.  There  is,  however,  a  loss 
of  availability ;  that  is.  the  heat  {hat  has  been  produced  by  the  work 
can  in  no  way  in  the  subsequent  stages  be  made  to  give  back  the 
work  that  was  expended  in  generating  it.  In  fact,  it  can  be  made  to 
give  back  only  a  very  small  fraction  of  that  work. 

For  example,  suppose  that  in  a  given  stage  10,000  foot-pounds  of 
work  are  expended  in  windage.  This  means  that  the  equivalent  of 
10,000  foot-pounds  is  produced  as  heat  at  some  definite  temperature. 
Xow  if  the  thermodynamic  efficiency  of  the  turbine  reaches  the  high 
value  of  20%,  then  not  more  than  20%  of  the  10,000  foot-pounds  can 
be  recovered  as  work ;  the  remaining  80%  must  inevitably  be  lost. 

The  same  statements  may  be  made  of  the  other  items,  Friction 
between  the  Steam  and  Blades,  Friction  Due  to  Eddy  Currents,  etc. 
These  losses  are  good  examples  of  the  real  meaning  of  the  second 
law  of  thermo-dynamics,  or  in  a  broad  sense,  the  law  of  degradation 
of  energy.  All  of  these  frictional  processes  are  irreversible  and  give 
rise  to  a  certain  loss  of  availability. 

CLOSURE. 

Prof.  Thorpe:  In  closing  the  discussion,  a  few  points  mentioned 
heretofore  may  be  considered  very  briefly. 

First,  in  reference  to  cost  of  turbines  it  may  be  said  that  the  great 
factor  in  economy  is  noted  in  decreased  floor  space  required  and  in 
the  great  lessening  of  foundations.  The  vertical  turbines  occupy 
about  two-fifths  and  horizontal  turbines  about  three-fifths  of  the 
space  of  reciprocating  engines,  and  are  so  well  balanced  that  units 
of  large  capacity  have  been  placed  upon  the  second  floor  of  power 
plant  buildings.  Where  real  estate  values  are  high,  this  feature  is  of 
-l^niricant  importance  when  referred  to  the  plant  initial  cost. 

Second,  in  reference  to  the  matter  of  high  steam  procures  dis- 
cussed by  Mr.  Bement,  it  seems  to  the  writer  that  Dr.  Goss'  work  at 
Purdue  resulted  in  most  conclusive  evidence  that  the  value  of  high 
steam  pressures  has  been  overestimated.  The  fact  that  this  evidence 
was  collected  in  locomotive  service  need  not  present  a  questionable 
condition.  That  the  locomotive,  though  operated  under  the  most  try- 
ing conditions,  is  a  very  economical  power  plant  is  not  to  be  denied. 

In  further  reference  to  Mr.  Bement'-  di-cussion,  his  remarks  on 
energy  losses  in  the  turbine  are  very  interesting  and  timely,  though 
if  a  general  comprehensive  classification  of  these  losses  were  at- 
tempted, it  might  well  consist  of  two  item-;  first.  Thermal  Loss 
and  second.  Mechanical  Losses.  In  the  di-eussion  of  this  subject,  the 
writer  attempted  only  to  present  the  various  conditions  affecting  the 
total  enerqA-  loss.     Professor  Goodenou-h  has  explained  very  clearly 
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that  there  must  be  an  ultimate  loss  due  to  the  conditions  named, 
based  on  the  theory  of  "The  Degradation  of  Energy,"  which  affects 
the  operation  of  all  prime  movers. 

Third,  in  reference  to  Mr.  Kerr's  discussion  of  the  coal  rate  of  the 
turbine  as  compared  with  the  Gas  Engine  which  boasts  of  its  brake 
horse  power  per  pound  of  coal,  it  may  be  said  that  if  the  same  grade 
of  coal  were  used  under  the  boilers,  the  steam  turbine,  too,  would 
develop  an  electrical  horse  power  on  one  pound  of  coal. 

In  closing,  the  author  wishes  to  thank  those  who  have  contributed 
to  the  discussion,  and  to  acknowledge  the  very  considerable  cour- 
tesy of  Mr.  French,  for  permission  to  present  some  material  from  his 
splendid  book  on  "Steam  Turbines,"  and  of  the  various  turbine  build- 
ers whose  co-operation  aided  very  materially  in  the  presentation  of 
this  paper. 


PROCEEDINGS  OF  THE  SOCIETY. 


BOOK  REVIEWS 


Airships  Past  and  Present.  By  A.  Hildebrandt.  Captain  and  Instructor 
in  the  Prussian  Balloon  Corps.  Translated  by  W.  H.  Story.  D.  Van  Nos- 
trand  Co.,  New  York.  1908.  Cloth,  6  by  9  ins. ;  pp.  3O4,  including  index ; 
222  illustrations.     Price,  $3.50  net 

Reviewed  bv  Mr.  O.  Chanute.  M.  W.  S.  E. 

Great  advances  have  been  made  within  the  last  few  years  in  solving  t he- 
various  problems  which  pertain  to  aerial  navigation.  Dirigible  balloons  haw 
been  developed  to  fair  speeds  and  efficiency  and  most  European  nations  art- 
building  military  airships,  while  practicable  flying  machines  seem  to  be  ncai 
at  hand.  Hence  the  public,  hitherto  languid,  has  become  interested  in  learn- 
ing authoritatively  what  has  hitherto  been  accomplished. 

Captain  A.  Hildebrandt  is  Instructor  in  the  Prussian  Balloon  Corps.  lie- 
has  much  experience  and  knowledge  and  has  produced  a  book  in  German 
which  proved  so  good  that  it  has  been  translated  into  English,  this  appearing 
to  be  well  done.  There  have  been  hitherto  no  sufficient  English  books  <  n 
this  subject  and  persons  who  desired  to  be  informed  had  to  refer  to  technical 
magazines.  Captain  Hildebrandt's  book  is  intentionally  of  a  more  popular 
character,  he  stating  in  his  preface  that  theoretical  investigations  have  been 
reduced  to  the  smallest  possible  limits  in  order  not  to  frighten  the  reader. 
He  gives,  nevertheless,  a  few  valuable  formulae. 

There  are  26  chapters,  of  which  the  first  is  a  rather  meagre  early  history 
of  the  art,  but  the  next  two  treat  of  the  invention  of  the  hot  air  balloon 
and  its  development.  These  chapters  seem  to  have  been  chiefly  compiled 
from  French  sources  and  are  fairly  complete,  but  there  are  a  few  indications 
of  haste  in  the  compilation.  Chapter  IV  explains  the  theory  of  the  balloon, 
is  very  well  written  and,  without  going  into  details,  gives  the  laymen  an  idea 
of  the  principles  involved.  The  next  four  chapters  describe  the  development 
of  the  dirigible  balloon,  from  that  designed  by  General  Meusnier  in  1784  to 
that  of  Count  de  la  Vaulx  at  the  beginning  of  1906;  giving  illustrations  and 
descriptions  of  the  dirigibles  of  Giffard  (1852-1855),  who  first  applied  an 
artificial  motor  and  obtained  a  speed  of  7  miles  an  hour,  to  those  of  Leba 
which  had  reached  22  miles  per  hour  in  1906,  speed  being  the  one  importaii. 
element  and  the  one  in  which' great  advance  had  been  made  since  the  b  ok 
was  written,  so  that  a  new  edition  will  soon  be  required.  A  misprint  occurs 
on  page  03;  the  length  of  Count  Zeppelin's  second  airship  being  stated  as  85 
feet  instead  of  414  feet. 

The  next  (Chapter  IX)  treats  of  flying  machines  and  is  not  very  thorough. 
The  reader  will  be  probably  puzzled  by  the  statement  on  page  93,  that  Leger's 
screws  produced  a  tractive  force  of  240  pounds  with  6  horse-power,  v. 
Dufaux  propellers  produced  a  pull  of  but  14  pounds  with  3  horse-powc: 
explanation   being  given  that  this   is   due   to   the   amount   of  loading   on   the 
blades,  the  Leger  screws  carrying  neither  the  weight  of  the  apparatus  nor 
of  the  motor  nor  that  of  the  aviator.     On  page  95  it  is   said  that   Sai 
Dr.mont's   aeroplane   travelled   200   feet,    while   in    point   of   fact    it  was 
metres.     Also  that  Maxim's  experiments  were  carried  out  w:th  the  a 
of  Professor  Langley,  which  is  a  mistake. 

Chapter  X  on  kites  is  good  but  mentions  Marvin  as  connected  witf 
Hill  Observatory,  whereas  he  is  in  the  Weather  Bureau,  and  Cody,  of  British 
kite  fame,  as  "otherwise  known  as  Buffalo  Bill."  whereas  they  are  cousins. 
All  of  these  are  trifling  slips  of  the  pen,  mentioned  merely  to  show  th 
reviewer  has  road  thi^  inter  k.     The  next  four  pages  -11  1 

dismisses  them  as  merelv  suitable  for  country  shows  but  the  ftllowing 
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chapters  "The  Development  of  Military  Ballooning"  and  "Ballooning  in  the 
Franco-Prussian  War"  are  very  good  and  give  a  resume  of  what  has  been 
hitherto  done.  The  most  thorough  chapters  in  the  book  are  XIV  and  XV  on 
"Modern  Organization  of  Military  Ballooning"  in  various  countries,  this,  of 
course,  being  the  author's  specialty.  And  then  after  describing  "Balloon  Con- 
struction" he  passes  to  the  subject  of  "Instruments,"  explaining  their  charac- 
ter and  use.  "Ballooning  as  a  Sport"  next  follows,  Captain  Hildebrandt  giv- 
ing some  interesting  accounts  of  his  own  experiences,  which  have  been  nu- 
merous. 

Chapter  XIX  is  on  "Scientific  Ballooning"  to  determine  the  laws  of  de- 
crease of  pressure,  of  temperature  changes,  of  saturation  with  moisture,  of  the 
composition  of  the  air,  its  electrical  and  its  accoustical  properties,  and  in  as- 
certaining these  points  a  number  of  the  Scientists  have  lost  their  lives  by 
venturing  too  high,  the  greatest  elevation  attained  by  man  having  been  35,500 
feet,  while  kites  have  gone  up  to  21,100  feet,  and  unmounted  balloons,  with 
recording  instruments  (Ballons  sonde)  have  reached  85,000  feet  (16.1  miles) 
and  are  now  chiefly  used.  The  next  six  chapters  treat  of  balloon  photography, 
of  the  outfit  required,  of  the  interpretation  of  the  photographs,  of  the  use 
which  can  be  made  of  kites  and  of  the  methods  by  which  these  bird's  eye 
views  can  be  interpreted  for  topographical  purposes,  in  all  of  which  the  author 
is  evidently  an  expert.  He  has  also  had  much  experience  with  carrier  pigeons 
and  devotes  a  chapter  to  them  containing  many  useful  hints.  The  reader  will 
probably  be  surprised  at  the  statement  that  the  mean  speeds  of  these  birds  is 
26  miles  an  hour,  as  in  the  feats  mentioned  in  sporting  books  it  is  much  more, 
the  pigeons  on  such  occasions  being  probably  greatly  assisted  by  the  wind. 
Indeed  Captain  Hildebrandt  describes  a  case  in  which  a  swallow,  separated 
from  its  mate,  flew  150  miles  in  2  hours  and  16  minutes  (70  miles  an  hour), 
but  he  does  not  say  which  way  the  wind  blew. 

The  last  chapter  is  on  "Balloon  Law"  and  is  necessarily  brief  as  such  law 
can  hardly  be  said  to  exist.  The  author  points  out  "that  some  sort  of  inter- 
national regulation  will  be  necessary  in  the  future,  seeing  that  balloons  are 
now  much  more  common  than  they  were  and  that  the  dirigible  airship  is  a 
practicable  possibility."  Much,  very  much,  has  been  accomplished  since  these 
lines  were  written  in  1906. 

The  Standard  Handbook  for  Electrical  Engineers.  Flexible  leather  bind- 
ing. 4  by  6^4  ins.;  1,283  PP->  including  a  full  and  copious  index  of  over 
50  pp.,  many  tables  and  statistics  and  some  1,300  illustrations.  McGraw 
Publishing  Co.,  New  York,  1908.     Price  $4.00. 

As  its  title  indicates,  this  is  a  book  containing  such  data  and  other  informa- 
tion required  by  Electrical  Engineers.  It  is  not  intended  to  cover  absolutely 
all  of  the  uses  to  which  electricity  is  put,  but  the  general  field  is  well  treated 
and  the  book  contains  a  fund  of  information  not  found  elsewhere.  The  volume 
is  divided  into  sections  or  books  averaging  about  seventy  pages  each,  in  which 
are  grouped  the  various  important  items.  Thus,  section  one  is  devoted  to  elec- 
trical units ;  the  fundamentals  of  electric  circuits  are  treated  in  the  second  sec- 
tion, and  a  third  covers  measurements  and  measuring  apparatus.  A  section 
devoted  to  properties  of  materials  used  in  the  electrical  industries  will  be 
found  of  great  usefulness.  A  large  variety  of  materials  found  in  commerce 
are  mentioned  and  described.  The  list  of  insulating  materials  is  quite  exten- 
sive though  necessarily  incomplete,  as  this  field  is  constantly  receiving  new 
acquisitions. 

Other  sections  on  Magnets,  Transformers.  Generators,  Motors  and  Bat- 
teries follow,  the  theory,  design  and  operation  of  this  apparatus  being  clearly 
explained. 

Central  Stations  form  another  section  in  which  water  power  stations,  steam 
engines,  turbines,  gas  engines  and  gas  producers  are  all  described,  as  well  as 
switchboard,  bus  bar  and  switching  arrangements.  This  is  followed  by  a  sec- 
tion on  transmission  and  distribution,  in  which  methods  for  calculating  trans- 
mission lines  and  distribution  systems  are  given,  as  well  as  the  general  design 
and  operation  of  mechanical  transmission. 
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An  up-to-date  chapter  on  illumination  covers  this  interesting  field  quite 
thoroughly. 

Electric  traction,  electro  chemistry,  telephony,  telegraphy  and  miscellaneous 
applications  of  electrical  energy  each   receive  its  section.     In  the  latter. 
is  given  for  the  application  of  electricity  to  machines,  tools,  pumps 
hoists  and  other  power  uses.     A  section  on  wiring  contains  the  usua 
tion  of  wiring  methods  and  distribution  systems,  together  with  wiring  calcu- 
lations for  various  purposes.     The  standardization  report  of  the  A     I    E.  E., 
together  with  a  synopsis  of  the  National  Electric  Code  and  standard  symbol 
are  given  in  another  section.    The  concluding  section  is  devoted  to  tables  and 
statistics. 

The  above  parts  have  been  compiled  by  a  staff  of  specialists,  each  of  whom 
has  had  considerable  experience  in  the  lines  treated  of  by  him.  The  result  is 
that  the  book  contains  reliable  data  which  is  offered  to  the  reader  in  concise 
and  methodical  form.  The  mechanical  construction  of  the  book  is  excellent. 
The  cover  is  perfectF  flexible  and  the  paper  of  good  quality.  Altogether  the 
book  will  be  found  a  valuable  addition  to  any  Electrical  Engineer's  library. 

S. 
Gas  Power:    By  F.  E.  Junge,  Mem.  Verein  Deutscher  Ingenieure,  New  \      . 

1908.      Hill   Publishing  Co.     6  by  9  ins..   54X  pp..   including    14  pp.  index; 

7  folding  plates;   160  illustrations,  many  tables,  etc.     "A  Study  of  th< 

lution  of  Gas  Power,  the  design  and  construction  of  large  gas  engines  in 

Europe,  the  application  of  gas  power  to  various  industries  and  the  rational 

utilization  of  low  grade  fuels." 

This  is  the  latest  and  probably  the  best  addition  to  gas  engine  literature. 
While  it  deals  mostly  with  the  latest  European  practice,  it  describes  successful 
engines,  and  is  for  this  reason  a  most  valuable  treatise,  and  of  special  interest 
to  the  gas  engine  builder,  as  well  as  to  the  user  of  internal  combustion  engines. 

The  first  part  of  the  work  is  a  treatise  on  the  evolution  of  power,  describ- 
ing the  reasons  why  gas  engines  are  becoming  more  important  prime  movers. 

Part  second  contains  seven  chapters  on  the  design  and  operation  of  the 
well  known  types  of  European  engines,  showing  the  advantages  or  special 
features  of  each,  also  views  of  prominent  authors,  both  here  and  abroad,  on 
the  gas  engine  situation  and  the  proper  methods  of  governing. 

Part  three  describes  the  application  of  gas  engine  power  in  the  iron  and 
steel  industries  and  the  utilization  of  low  grade  fu< 

Free  from  higher  mathematics  and  written  in  a  clear  and  concise  manner, 
the  book  should  be  in  the  hands  of  every  manufacturer  and  student  inter' 


in  prime  movers. 


C.  E.  S. 


The  Plane  Taele.  and  its  Use  in  Surveying:     By  W.  H.  Lovell.  Topogra- 
pher, U.  S.  Geological  Survey.    45  pages.    4^x7^  ins.    9  ills.    $1.00.    Pub- 
lished by  McGraw  Publishing  Company,  New  York.     1908. 
Of  course  this  book  being  written  by  a  plane  tabler  in  the  employ  of  the 
Government  makes  the  Plane  Table  oul  as  a  universal  surveying  instrument. 
The  men  employed  in  topographical  work  by  the  U.  S.  Government  do  not 
seemingly  understand  that  the  object  of  all  surveying  is  nol  always  to  make 
maps;  also  that  much  surveying  is  done  to  an  accuracy  practically  impossible 
of  attainment  by  the  methods  of  the  plane  table.     Plane  table  work  i-  accurate 
only  for  the  scale  employed  and  when  the  map  must  be  reduced.     When  an 
enlargement  is  required  the  error  increases  rapidly  and  no  surv  rk  is 

altogether  free  from  error. 

For  many  surveys  the  plane  table  is  unequalled  for  rapidity  and  convenience; 
the  reviewer  has  used  the  plane  table  a  great  deal  in  his  own  work,  an 
advantages  are  not  doubted,  but  that  it  is  to  be  used  much  more  widely  in  the 
future  than  it  has  been  in  the  past  is  questionable.     The  transit  with  stadia  is 
too  handy  and  has  the  advantage  that  if  the  party  for  whom  the  w 
done  suddenly  decides  to  have  maps  made  on  a  larger  scale  ( as  happens  often 
in  private  practice),  then  the  degree  of  accuracy  of  the  new  map  will  be 
great  as  that  of  the  first  one.     Where  the  plane  table  is  especially  adapted,  if 
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compared  with  transit  and  stadia,  there  can  be  no  comparison  drawn,  for  the 
plane  table  is  far  more  rapid  and  owing  to  the  time  thus  saved  (and  conse- 
quent expense)  it  possesses  a  great  advantage.  In  the  end  all  work  must 
measure  up  to  the  dollar  standard. 

The  writer  of  this  little  book  has  done  his  work  nicely,  and  for  a  man 
who  has  begun  plane  table  work  without  having  already  in  his  possession  a 
treatise  on  the  subject,  it  should  be  of  service.  Even  men  of  experience  will 
find  it  useful  and  it  is  to  the  man  who  has  used  the  plane  table  a  little,  that 
the  book  will  no  doubt  appeal  most.  The  book  is  of  a  handy  pocket  size  and 
the  matter  may  be  worth  the  price,  but  when  compared  with  the  books  in  some 
other  series  it  looks  high-priced.  McC. 

Municipal  Ownership  :     Four  lectures  delivered  at  Harvard  University  in 

1007  by  Leonard  Darwin.     E.  P.  Dutton  &  Co.,  New  York.     1908.     Cloth, 

5  by  7%  ins.    pp.  197.    Price  $1.25  net. 

The  author  of  this  very  interesting  book  is  the  fourth  son  of  the  notable 
Charles  Darwin,  the  naturalist,  author  of  the  "Descent  of  Man,"  etc.  Mr. 
Leonard  Darwin  was  born  in  1850,  educated  at  the  Royal  Military  Academy, 
Woolwich  (England),  and  for  a  time  was  in  the  Corps  of  the  Royal  En- 
gineers. He  was  sent  to  take  observations  of  the  transit  of  Venus  in  1874  and 
again  in  1882 ;  he  was  in  the  War  Office  from  1885  to  1890,  and  was  a  Member 
of  Parliament  from  1892  to  1895.  He  is  the  author  of  "Bi-metallism,"  pub- 
lished in  1898,  and  of  "Municipal  Trade,"  which  came  out  in  1903.  Being  the 
son  of  such  a  father  it  is  to  be  expected  that  he  would  possess  a  brilliant  mind 
and  be  a  fine  writer,  though  one  would  hardly  have  expected  that  with  a  mil- 
itary training  and  some  years  of  experience  in  the  Royal  Engineers  Corps  he 
would  show  such  a  logical  mind,  and  such  power  in  presenting  his  strong 
arguments  against  the  idea  of  what  we  call  Municipal  Ownership.  For  those 
who  are  laboring  under  the  delusion  that  many  of  the  evils  of  present  day 
management  of  the  public  utilities  can  be  corrected  by  turning  them  over  to 
be  managed  by  the  municipal  authorities,  this  book  is  to  be  heartily  com- 
mended. 

Lecture  I,  considers  that  "ownership  is  not  the  main  question,"  but  that  the 
vital  point  is — when  should  labor  be  directly  employed  by  municipalities? 
"The  Regulation  of  Private  Industry"  is  of  importance,  as  municipal  monop- 
olies must  be  controlled  for  the  sake  of  the  consumer  as  well  as  the  tax  payer; 
"with  well  considered  franchises  private  industry  can  be  efficiently  controlled," 
but  "the  terms  of  franchises  must  be  sufficiently  liberal,"  and  "further  reform 
of  the  laws  affecting  municipal  monopolies  in  private  hands  is  much  needed" 
both  here  and  in  England.  "Municipal  ownership  and  local  taxation"  is  a 
financial  question  that  is  of  the  first  consideration,  and  it  has  not  been  "directly 
proved  that  English  cities,  under  much  municipal  ownership,  are  more  or  less 
heavily  taxed  than  other  towns  with  but  little  municipal  ownership." 

Lecture  II,  takes  up  the  subjects  of  "Municipal  Statistics,"  "Price  and 
Quality,"  with  "A  Priori  Arguments,"  and  "Financial  Conclusions."  "No  great 
gain  is  made  by  municipal  ownership  in  England,  and  general  financial  con- 
siderations are  against  the  direct  employment  of  labor  by  Municipalities." 

Lecture  III.  takes  up  the  questions  of  "Municipal  Corruption,"  the  "Wages 
in  Municipal  Industries,"  and  "The  Case  of  Direct  Employment;"  as,  for  in- 
stance, public  water  supply. 

Lecture  IV,  on  "Municipal  Ownership,"  is  a  summing  up  of  the  argu- 
ments, with  the  following  main  objections:  The  national  dividend  will  be 
diminished,  and  municipal  indebtedness  will  be  increased;  there  is  a  lack  of 
initiative  in  municipal  management,  and  there  is  a  tendency  for  industries  to 
become  monopolies.  Finally,  "At  present  we  should  study  existing  municipal 
industries  before  adding  largely  to  their  number." 

The  book  is  solid  reading,  though  full  of  interest  to  those  who  have  a 
taste  for  sociological  study,  and  to  all  concerned  in  this  important  present  day 
question.  W. 
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SOME  FEATURES  OF  CONSTRUCTION  OF  THE  SOUTH  SIDE  ELEVATED  RAILROAD 

Mr.  J.  X.  Darling,  m.w.s.e. 

Presented  March  -?j,  1908. 

The  South  Side  Elevated  Railroad  Co.,  in  order  to  meet  the  re- 
quirements of  a  rapidly  increasing  population  within  the  limits  of 
the  territory  covered  by  its  line,  has  recently  been  making  some  ex- 
tensive improvements  in  its  existing  line,  as  well  as  building  several 
extensions  into  new  territory  in  the  southern  part  of  the  city. 

The  original  line  was  built  as  a  two-track  structure  southward 
from  Congress  St.  to  63rd  St.  and  eastward  in  that  street  to  fackson 
Park. 

At  the  time  when  this  original  line  was  built  (in  the  early  90's) 
the  portion  of  the  city  which  it  traversed,  especially  from  39th  St. 
southward,  was  rather  thinly  inhabited:  the  only  immediate  incentive 
for  building  so  far  southward  at  that  time  seeming  to  have  been  to 
reach  the  World's  Fair  traffic  of  1893. 

Following  the  construction  of  this  line,  however,  owing  to  the  ex- 
ceptional transportation  facilities  which  it  afforded,  the  population 
contiguous  to  it,  steadily  and  constantly  increased  with  the  years 
until  finally  it  reached  a  point  where,  if  additional  facilities  for  a 
more  rapid  transit  to  the  business  center  of  the  city  were  n<  >t  pn  >- 
vided,  this  increase  of  population  would  be  checked,  or  the  natural 
and  normal  growth  would  seek  some  other  line  or  lines  of  transporta- 
tion. 

To  meet  these  constantly  increasing  tran>portation  requirements, 
it  was  finally  decided  to  add  a  third  track  to  the  existing  structure 
between  12th  and  43rd  Sts. ;  to  eliminate  existing  sharp  curvatures 
at  several  points,  and  to  make  several  other  important  improve- 
ments, the  nature  and  scope  of  which  will  be  further  described  in 
this  paper. 

This  additional  third  track,  which  was  accordingly  built,  is  used 
for  local  service,  leaving  the  old  east  track  (  now  the  middle  track) 
for  express  service,  to  afford  the  large  patronage  originating  south 
of  43rd  St.  a  rapid  transit  to  and  from  the  downtown  district. — it 
being  used    for  north   bound  traffic  during  the   rush   hours  of  the 
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morning  and  for  south  bound  traffic  during  the  corresponding  rush 
hours  of  the  evening. 

The  original  two-track  structure  from  12th  St.  southward  to  63rd 
St.  was  built  on  private  right-of-way — a  25  ft.  strip  cut  from  the 
rear  end  of  the  lots  adjoining  alleys :  in  order  to  widen  the  structure 
for  the  third  track  without  making  a  further  and  expensive  cut  into 
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the  private  properties,  it  became  desirable  to  acquire  the  use  of  the 

adjacent  alley  for  the  extended  width. 

Franchise  for  this  use.  was  accordingly  sought  and  acquired,  and 
the  alley  was,  in  general,  used  for  the  addition.  But,  as  a  compen- 
sation for  the  privilege  thus  acquired,  the  South  Side  Elevated  Kail- 
road  Co.  was  required,  by  the  terms  of  the  grant,  to  pave  with 
asphalt  its  entire  right-of-way  and  the  alley  adjacent,  from  [2th  St. 
to  43rd  St..  and  to  throw  the  whole  strip  (40  ft.  and  more  in  width) 
open  to  the  public  for  use  as  a  thoroughfare,  the  Company  merely 
reserving  the  fee  to  its  own  private  right-of-way. 

This  requirement  made  necessary  several  other  very  important 
and  expensive  features  of  the  work  of  improvement:  namely,  tear- 
ing away  all  the  old  station-,  which,  in  the  original  construction  were 
built  on  the  ground  ;  building  new  stations  suspended  from  the  struc- 
ture with  14  ft.  clearance  above  asphalt  grade;  and.  finally,  raising 
the  existing  structure  at  all  stations  to  a  height  that  would  allow  of 
the  building  of  the  station  underneath,  with  this  required  clearance. 
A  description  of  some  of  the  interesting  features  of  this  work  will 
be  given  later. 

In  addition  to  the  work  above  enumerated,  a  two-track  structure 
1  now  in  operation)  has  been  built  into  and  through  the  thickly  set- 
tled portion  of  Englewood,  extending  from  the  old  line  (as  shown 
on  accompanying  diagram)  at  59th  St.,  west,  south  and  west  to  63rd 
and  Loomis  Sts..  with  terminal  yards  of  seven  tracks  in  width  ex- 
tending from  Center  Ave.  to  Loomis  St. 

Also  a  South  Branch,  extending  from  the  above  extension  at  63rd 
St.  and  Stewart  Ave.  southward  to  6Y)ih  St.  near  Parnell  Ave.  The 
total  length  of  the  Englewood  extensions  being  about  t,j/2  miles. 

Also,  through  arrangements  with  the  Chicago  Junction  Railway 
Company,  an  extension  has  been  made  eastward  in  40th  St.  to  the 
thickly  settled  portion  of  Kenwood,  with  a  terminus  at  42nd  St.  and 
Oakenwald  Ave.  near  the  lake.  This  extension,  1%  miles  in  length, 
is  now  in  service  and  is  operated  on  the  elevated  roadbed  of  the  Chi- 
cago Junction  Railway  Company. 

Also,  by  an  arrangement  with  the  same  Company,  a  western  ex- 
tension of  steel  structure  has  been  built  in  40th  St.,  joining  the  Main 
line  of  the  South  Side  Elevated  Railroad  at  Indiana  Ave.  and  40th 
St.  and  extending  west  to  the  Stock  Yards  with  a  Loop  in  the 
Yards.  This  extension,  except  the  portion  between  Wentworth  Ave. 
and  Wallace  St.,  adjoins  the  Chicago  Junction  Railway  on  the  south. 
Between  the  two  streets  mentioned,  however,  the  Elevated  Structure 
is  directly  over  the  tracks  of  the  Junction  line,  being  built  of  ci 
girder  construction  with  columns  supported  on  the  retaining 
of  the  elevated  roadbed  of  that  line.  This  extension  is  now  prac- 
tically complete  and  will  soon  be  put  into  service. 

As  a  necessary  part  of  the  extensions  and  improvements  above 
enumerated,  the 'old  terminal  yards  at  61st  St.  and  Calumet  Ave., 
originallv  on  wooden  trestle,  have  been  entirelv  rebuilt  of  steel  on 
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concrete  foundations ;  an  extensive  surface  terminal  yard  has  been 
built  south  of  63rd  St..  between  Calumet  and  Prairie  Aves.,  with  an 
incline  leading  thereto :  a  large  increase  of  power  has  been  installed 
at  the  Power  House  at  39th  and  State  Sts.,  and  interlocking  and 
block  signals  have  been  installed. 
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None  of  the  work  above  enumerated  presents  any  special  or  un- 
usual engineering  features,  e>:cept  the  work  of  adding  the  new  third 
track  to  the  existing  structure,  embodied  with  which,  as  a  necessary 
part  of  it.  being  the  raising  of  the  existing  structure  to  the  new 
grades  required  (  from  3  to  6  and  even  8  feet  above  the  old  grade)  ; 
the  changing  of  the  existing  alignment  to  eliminate  sharp  curvature, 
involving  at  many  points  entirelv  new  construction ;  the  tearing  down 
of  the  old  stations  and  building  the  new  ones  ;  and  all  the  allied  de- 
tails of  the  work  necessary  to  produce  from  the  old  structure  the 
remodeled  and  extended  and  fully  equipped  structure  as  it  exists 
today. 

All  this  work  had  to  be  carried  on  in  regular  progression,  and  in 
such  a  way  as  not  to  interfere  materially  with  the  comfort  and  con- 
venience of  the  traveling  public  ;  and  under  a  train  service  of  over 
600  trains  daily,  with  intervals  of  from  one  to  three  and  one-half 
minutes.  To  meet  these  conditions  and  to  prevent  disaster  or  acci- 
dent, the  greatest  care  both  in  design  and  execution  was  necessary. 
To  describe  some  of  the  more  important  and  difficult  features  of  this 
rather  unusual  piece  of  work,  is  the  design  of  this  paper,  the  novel 
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character  of  the  work  constituting  the  warrant  and  excuse  for  this 
presentation. 

In  the  entire  work  from  12th  St.  to  4.>'":1  St.,  designated  as  •"Third 
Track"  construction,  about  660  new  concrete  foundations  were  re- 
quired. 430  of  which  were  for  new  Third  Track  and  230  were  for 
renewals  of  old  foundations,  at  station  points  and  elsewhere,  where 
changed  conditions  due  to  new  construction  called  for  a  larger  foun- 
dation support. 


Section   E-F 

Part    Cross    Section. 
New   third  track   column   with  enlarged    foundation. 
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The  old  foundations  were  7  ft.  by  7  ft.  in  the  bottom  course  while 
the  new  ones,  in  general,  are  9  ft.  by  9  ft. — thus  affording  a  much 
larger  supporting  surface.  As  constructed  the  entire  weight  carried 
per  foundation  is"  approximately : 

For  Carload  .' 72,000  lbs. 

Structure    41,000  lbs. 

Foundation     •• 14,000  lbs. 

or  a  total  of  127,000  lbs. — an  approximate  load  of  1,600  lbs.  per 
square  foot  on  the  underlying  earth. 

>k s'o"-— -sH 


Construction  for  three  tracks,  with  one  new  column  and  cross  bracing. 

The  430  foundations  for  the  Third  Track  were  first  put  in,  for 
the  most  part,  in  the  fall  of  1904  and  the  season  of  1905.  The  foun- 
dations for  renewals  under  the  old  structure  were  put  in  simultane- 
ously with  the  blocking  and  jacking-up  of  the  old  structure. 

One  of  the  most  extensive  elevations  of  the  old  structure  was  from 
14th  St.  southward  over  the  "St.  Charles  Air  Line  "  and  on  past 
18th  St.  station,  a  distance  of  2,800  feet.  When  the  St.  Charles 
Air  Line  was  elevated,  several  years  since,  the  South  Side  Elevated' 
Railroad  Co.   raised  its  structure  to  give  the  necessary  clearance. 
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This  raise  was  13  feet  at  the  "Air  Line"  with  approaches  of  2.17% 
grade,  the  columns  being  spliced  to  give  the  proper  elevation.  In  the 
new  raise  an  approach  of  1 '  <  was  given  each  way.  beginning  ai 
about  14th  St.  on  the  north,  as  stated,  meeting  the  old  summit  at 
the  St.  Charles  Air  Line,  then  running  off  on  a  l%  grade  till  the 
level  required  for  18th  St.  station  was  reached,  thence  running  a 
level  grade  past  the  station  platforms,  and  thence  on  a  i%  grade 
to  the  original  elevation  at  a  point  south  of  the  station.  The  max- 
imum raise  to  attain  the  new  elevation  was  6.58  feet. 


Charging  from  2  track  to  3  track  structure  at  14th  street,  looking  north. 


The  work  of  this  elevation  was  commenced  in  December,  1904, 
and  carried  forward  continuously  to  completion.  Xew  column  ex- 
tensions were  riveted  in  place  as  fast  as  the  jacking  was  completed, 
the  old  extensions  being  removed  and  used  in  other  places  where 
the  additional  elevation  was  such  as  to  allow  of  their  use. 

At  a  point  just  south  of  14th  St.,  the  old  structure  crossed  from 
the  east  to  the  west  side  of  the  alley  with  a  sharp  curvature  which 
was  to  be  eased  off  at  a  later  date  in  connection  with  the  erection 
of  the  Third  Track  structure,  which  changed  sides  at  this  point. 
To  provide  for  the  necessary  reconstruction  for  this,  the  structure 
was  left  on  its  blocking  at  this  point.  Also  at  the  18th  St.  station, 
where  future  reconstruction  was  necessary,  the  blocking  was  left  in. 


Darling— Construction  So.  Side  Ely.  R.  R.  59] 

Elsewhere,  as  fast  as  the  column  extensions  were  riveted  in  pi; 
the  old  structure  was  "landed"  and  the  blocking  was  removed,  leav- 
ing the  old  structure  ready  to  receive  the  now  third  track. 

At  the  several  stations  south  from  [8th  St.  the  structure  was  sim- 
ilarly raided,  attaining  the  required  elevation  opposite  the  station 
platforms  with  approaches  of  i%  each  way.  The  elevation  required 
at  the  stations,  in  general,  ranged  from  3^  to  41--  feet  additional. 
requiring  a  stretch  of  from  800  to  1200  feet  to  make  the  elevation. 

The  work  of  elevation  on  40th  St..  however,  (which  includes  the 
39th  and  Indiana  Ave.  stations)  was  exceptional,  as  between  th 
two  stations  the  elevated  railroad  crosses  the  Chicago  Junction  Kail- 
way,  which  also  was  elevating  its  tracks  and  required  a  raise  of  the 
elevated  railroad  structure  of  8  feet  for  clearance. 

To  provide  for  this,  and  for  the  elevation  at  each  of  the  stations 
mentioned,  required  one  continuous  stretch  of  elevation  beginning 
at  38th  St.  at  the  foot  of  the  north  incline,  attaining  the  required 
elevation  at  the  north  end  of  39th  St.  station  platforms,  thence  level 
past  the  platforms,  thence  up  over  the  Chicago  Junction  road,  thence 
descending  slightly  along  40th  St.  to  a  level  grade  past  the  plat- 
forms of  Indiana  Ave.  station  and  so  on.  meeting  the  old  grade  of 
the  structure  at  the  south  end  of  the  curve  at  40th  St.  and  Calumet 
Ave. — a  total  length  of  raise  of  approximately  3100  feet. 

Combined  with  this  elevation  there  was  also  an  easement  in  the 
alignment  of  both  the  east  and  west  curves  at  40th  St..  involving  a 
new  structure  throughout  as  well  as  the  necessary  reconstruction 
at  each  station.  The  principal  features  of  this  complicated  piece  of 
work  will  be  considered  later  on. 

The  blocking  used  in  raising  and  supporting  the  structure  was,  in 
general,  built  up  as  follows:  a  practically  continuous  floor  of  4  in. 
bv  4  in.  timbers  was  carefully  leveled  on  the  ground,  on  which  was 
built  a  crib  work  of  12  in.  by  12  in.  timbers,  laid  "cob  house"'  fashion, 
about  6  feet  high,  surmounted  by  a  pair  of  trestle  bents  of  12  in. 
by  12  in.  timbers  of  such  a  height  as  to  reach  the  track  girders,  or 
cross-girders,  as  the  case  might  be. 

The  crib  work  was  built  with  eight  of  the  12  in.  by  12  in.  piece- 
projecting — four  directly  above  the  other  four,  forming  an  inter- 
vening space  for  the  30-ton  hydraulic  jacks  used  in  raising  the 
structure. 

The  working  of  the  jacks  in  this  space  divided  the  crib  work  by 
a  constantlv  increasing  interval  which  was  kept  tilled  in  by  <>ne  and 
,kwo-inch  planks  and  by  wedges  till  the  interval  thus  created 
amounted  to  12  inches,  'when  the  thin  pieces  were  discarded  and 
an  additional  12  in.  bv  12  in.  piece  was  inserted  to  till  the  space. 
A  12  in.  bv  12  in.  stick  was  then  placed  aero-  the  lower  projecting 
ends  to  raise  the  jacks.  The  process  was  then  repeated,  and  thus 
the  work  was  continued  till  the  proper  height  was  attained. 

One  set  of  four  jacks  was  used,  raising  one  track  at  a  time  about 
3  inches  at  a  lift,  if  of  center  column  structure,  or  2  inches,  if  oi 
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cross-girder  structure,  was  being  raised.  Each  lift  of  one  track 
was  followed  by  a  corresponding  lift  of  the  other  track  and  so 
the  two  were  carried  up  together. 

With  center  column  structure,  no  difficulty  was  experienced  in 
handling  one  side  at  a  time,  but  with  cross-girder  construction,  a 
two-inch  raise  at  a  time  was  about  the  possible  limit,  and  even  at 
that,  a  few  hitch  angles  were  broken  and  afterwards  replaced. 

This  work  was  all  done  under  slow  orders  for  trains  with  a  flag- 
man on  top  to  stop  trains,  if  necessary,  till  the  amount  raised  could 
be  caught  and  the  jacks  released,  as  the  jacks  would  not  stand  the 
impact  of  trains. 

This  work  was  all  so  carefully  and  expeditiously  handled  that 
trains  were  rarely  held  more  than  a  minute  or  two.  No  jacking 
was  done  during  the  "rush"  hours  of  morning  or  evening,  the  train 
interval  when  the  work  was  going  on,  usually  being  2l/2  or  3  min- 
utes. 

"Where  new  foundations  were  to  be  put  in,  to  replace  the  old,  in- 
stead of  the  lower  course  of  12  in.  by  12  in.  10  ft.  timbers,  six  8  in. 
by  16  in.  30  ft.  pieces  were  used  for  blocking,  so  as  to  span  the 
required  foundation  excavation  by  a  safe  margin.  These  timbers 
were  so  spread  as  to  give  space  for  removing  the  old  foundation 
and  putting  in  the  new,  which  work  was  all  done  while  the  structure 
was  carried  on  this  temporary  support. 

After  the  structure  was  carried  to  its  full  height,  the  old  foot  cast- 
ings used  in  the  original  construction  were  knocked  off  by  rammers 
dropped  from  a  height  of  three  or  four  feet,  and  new  column  exten- 
sions of  suitable  length,  built  up  of  15-inch  channels  and  plates, 
were  riveted  to  place  and  anchored,  after  which  the  blocking  was 
removed. 

The  additional  height  of  the  columns,  due  to  the  splicing,  required 
additional  strengthening  to  give  the  required  rigidity  to  the  structure. 
This  was  effected  by  a  system  of  knee  and  cross-bracing  at  the  top, 
so  placed  as  not  to  interfere  with  the  required  headroom  of  14  feet. 

At  each  one  of  the  old  stations  there  was  one  bent  of  the  old 
structure  situated  within  the  building,  and  in  order  to  raise  the 
structure  and  at  the  same  time  keep  the  old  station  in  operation  as 
long  as  possible,  it  was  necessary  to  tear  out  a  portion  of  the  build- 
ing and  make  temporary  changes  in  the  stairways  so  as  to  make 
the  necessary  space  for  blocking  at  the  columns  and  to  make  the 
necessary  renewals  of  foundations. 

Xo  two  stations  were  alike  and  the  difficulties  encountered  in  mak- 
ing these  changes  required  special  devices  in  each  case,  but  they 
were  success  full}'  met  and  overcome  and  the  public  was,  in  all  cases, 
suitably  provided  for.  during  the  progress  of  this  feature  of  the 
work. 

As  soon  as  the  raising  of- the  existing  structure  past  a  station  was 
completed,  the  method  of  procedure  was  to  erect  at  once  a  small 
temporary  station  across  the  street  from  the  old  station,  with  land- 
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ings  and  stairway  connection  with  the  station  platforms,  usually  at 
the  very  end  of  the  platforms.  Traffic  was  then  diverted  to  the  tem- 
porary station,  the  old  station  was  wrecked  and  space  was  cleared 
for  the  erection  of  new  suspended  station. 

Meanwhile  the  third  track  structure  had  been  .reeled  on  either 
side  of  the  station  and  the  track  laid  up  to  the  station  platform.  The 
space  which  carries  the  new  station  consists'of  through  girders  in 
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order  to  give  the  necessary  headroom  for  the  station,  requiring  two 
entirely  new  bents  on  new  foundations. 


Temporary  station  and  landing. 

For  this  reconstruction,  the  blocking  supporting  the  existing 
structure  had  been  left  in  place.  The  track  stringers  on  either  side 
of  this  station  span  are  now  cut  loose  and  cut  off  sufficiently  to  allow 
for  the  insertion  of  the  new  cross-girders,  the  new  supporting  col- 
umns are  new  erected  from  beneath  and  the  cross-girders  are 
launched  endwise  to  place  and  riveted  to  the  columns.  Track  string- 
ers on  either  side  of  the  reconstructed  span  are  now  riveted  to  the 
cross-girders,  new  hitch  angles  being  provided  for  the  purpose. 
Meanwhile  crossovers  have  been  installed  between  the  two  old 
tracks  on  either  side  of  and  beyond  the  limits  of  the  station  plat- 
forms. 

Up  to  this  time  normal  movement  of  trains  has  not  been  inter- 
fered with.  At  this  stage,  however,  the  west  track  between  the  two 
crossovers  is  abandoned,  all  traffic  being  diverted  to  the  east  plat- 
form. Old  track  and  timber  on  the  abandoned  portion  is  now  torn 
out  and  relaid  with  new  material,  old  track  girders  of  the  west  track 
at  the  station  span  are  removed,  new  through  girders  are  erected  anu 
riveted  and  new  track  is  laid  over  the  bridge  to  connection. 

Double-track  service  is  now  temporarily  resumed  during  which 
crossovers  are  interchanged  preparatory  to  single-track  movement 
on  the  other  track,  a  process  requiring  usually  three  or  four  days. 
Single-track  service  is  now  installed  on  the  west  track ;  the  old 
east  track  being  torn  up  and  relaid  with  new  material.  The  remain- 
ing through  girders  of  the  station  span  are  erected.  The  east  plat- 
form is  now  jacked  over  12  feet  eastward  onto  brackets  extending 
from  the  new  third  track  columns.     Middle  and  east  tracks  are  laid 
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through  the  bridge  to  a  connection,  and  a  temporary  stairway,  lead- 
ing up  to  the  east  platform  is  adjusted  to  now  connection.  Two- 
track  service  is  now  permanently  installed  on  the  two  outer  tracks, 
leaving  the  middle  track  for  future  use  in  express  service. 


-Spate  for  jacks 
End       Elevation. 
Cribbing  and  moving  old   structure  laterally. 

The  suspended  steel  structure  for  the  support  of  the  new  station 
is  next  erected,  and  the  new  station  with  landings  and  stairways  is 
built  entirely  without  hindrance  to  traffic,  as  the  temporary  station 
is  maintained  till  the  permanent  station  is  entirely  ready  for  use. 

The  occupancy  of  the  permanent  station  with  the  demolition  of 
the  temporary  one  marks  the  completion  of  the  work  at  any  given 
station  point. 

The  erection  of  the  steel  work  at  a  station,  and  the  construction 
of  the  station  ready  for  occupancy  usually  required  from  sixty  to 
ninety  days. 

Reconstruction  on  40th  St. 

Special  mention  has  been  made  of  the  reconstruction  along  40th 
St.  as  involving  many  difficult  features  not  encountered  elsewhere 
on  the  work. 

The  old  two-track  structure  at  the  east  and  west  curves  was  built 
with  radii  of  100  feet,  necessitating  very  slow  movement  of  trains. 
An  elimination  of  this  undesirable  feature  was  important,  and  a 
part  of  the  work  of  reconstruction  of  this  portion  of  the  line  was 
made  to  comprise  an  entire  reconstruction  of  these  tw<>  curyes  with 
radii  of  182  feet  in  the  central  portion,  compounding  with  curves 
of  500  ft.  radius  at  the  ends. 

In  order  to  secure  the  required  curvature  at  the  west  curve,  local 
conditions  made  it  necessary  to  cut  across  the  old  structure  in  40th 
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St,  and  to  end  the  new  construction  at  the  east  end  of  the  new  curve 
about  6  feet  south  of  the  old  alignment  in  40th  St. ;  making  it  nec- 
essary to  jack-over  the  old  structure  onto  new  foundations  to  meet 
the  new  structure,  and  to  introduce  curvature  of  easy  radius  at  the 
pivotal  point  of  this  movement  just  west  of  Michigan  Ave. 

The  course  of  procedure  for  the  entire  work  of  reconstruction  of 
this  portion  of  the  line  beginning  at  38th  St.  and  ending  at  the 
south  end  of  the  east  curve  in  the  alley  between  Prairie  and  Calu- 
met Aves.  was  essentially  as  follows : 

During  the  month  of  February,  1905,  the  old  two-track  structure 
was  jacked-up  to  its  new  elevation  6  feet  above  old  grade  through 
39th  St.  station  with  its  permanent  run-off  northward  to  38th  St. 
and  with  a  temporary  run-off  southward  toward  40th  St.  Column 
extension-  north  of  the  station  were  riveted  in  place,  the  structure 
was  landed  and  blocking  removed,  except  at  the  station  where  the 
structure  was  left  on  its  blocking  to  await  future  reconstruction  at 
that  point.  The  structure  for  the  extent  of  the  temporary  run-off  was 
also  left  on  its  blocking  to  be  used  in  a  further  raise  at  a  later  stage 
of  the  work. 

While  this  work  was  going  on,  new  foundations  were  being  put 
in  for  the  change  of  line  at  the  east  curve.  The  existing  structure 
at  the  east  curves  was  now  jacked-up  to  the  grade  established  for 
the  reconstructed  line  at  that  point,  the  elevation  beginning  at  a 
point  about  300  feet  south  of  the  south  end  of  the  old  curvature, 
extending,  at  the  established  grade,  past  the  platforms  of  Indiana 
Ave.  station  and  ending,  at  this  stage,  in  a  temporary  incline  west 
of  the  station.  The  maximum  raise — namely:  opposite  the  station 
platform  was  4.7  feet. 

Following  the  jacking-up,  column  extensions  were  riveted  to  the 
columns  that  were  to  remain  in  the  work  and  that  portion  of  the 
structure  that  was  to  be  replaced  with  new  structure  was  left  on 
its  blocking. 

Meanwhile  the  new  Third  Track  structure,  on  the  east  side  of 
the  old.  from  43rd  St.  to  the  south  end  of  the  new  curve  was  erected. 
Xext  all  that  portion  of  the  new  east  curve  that  could  be  put  up 
without  interference  with  the  old  structure  and  with  the  operation 
of  trains  was  erected  on  its  new  foundations,  and,  at  the  same  time, 
track  was  being  laid  on  the  new  Third  Track  structure  between  43rd 
St.  and  the  south  end  of  the  new  curve. 

The  new  south  bound  track  from  the  east  end  of  the  platform  at 
Indiana  Ave.  station  around  over  the  new  structure  was  also  laid 
ready  for  a  connection. 

Up  to  this  point,  traffic  on  the  two  old  tracks  had  not  been  dis- 
turbed, but  reconstruction  had  now  reached  a  point  when  traffic 
must  be  diverted  in  order  to  continue  the  work.  Accordingly  single- 
track  service  was  now  installed  over  the  old  north  bound  track  be- 
tween crossover  Xo.  4,  just  east  of  the  station  and  crossover  No.  8, 
just  south  of  bent  Xo.  537,   (Fig.  A  large  plate),  where  new  and 
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old  construction  were  to  be  joined— south  bound  trains  running  in 
the  face  of  north  hound  between  these  crossovers. 

During  this  movement  of  trains,  the  old  south  bound  track  and 
Structure  around  the  curve  was  torn  out  and  the  new  south  hound 
structure  was  connected  with  the  old  south  hound,  at  hem  No.  537, 
and  new  south  bound  track  was  laid  to  a  connection  with  the  old 
south  bound  at  that  point;  and  crossover  \o.  5  |  Fig,  |;  ,  was  laid. 

Two-track  service  was  now  resumed  around  the  curve,  north 
bound  traffic  continuing  over  old  north  bound  track  and  south  hound 
over  new  south  hound,  using  crossover  No.  5  as  shown. 

During  this  movement  of  trains  crossovers  No.  4  and  No.  8 
(shown  in  Fig.  A)  were  interchanged  right  to  left  and  left  to  right 
(as  shown  in  Fig.  C),  and  single-track  movement  over  new  south 
bound  track  around  the  curve  was  installed,  leaving  free  the  old  track 
and  structure  hetween  these  crossovers. 

The  remainder  of  the  old  structure  around  the  curve  was  now 
torn  out  and  the  new  structure  for  the  middle  and  north  hound  track- 
was  erected,  and  the  track  laid  around  the  curve,  except  a  gap  he- 
tween S  and  T  (Fig.  C  1  which  could  not  he  completed  until  traffic 
was  completed  between  S  and  T  (Fig.  C),  and  through  girders  of  tin' 
the  station  was  now  laid;  crossover  No.  4  (  Fig.  C.)  was  abandoned 
and  the  present  single-track  movement  was  extended  westward 
through  the  station  on  the  south  hound  track,  using  crossovers  Nos. 
10,  5  and  8  (Fig.  D).  During  this  movement,  the  structure  and  track 
was  completed  between  S  and  T  (Fig.  C)  and  through  girders  of  the 
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north  bound  track  at  the  station  span  were  erected,  the  old  track 
through  the  station  was  torn  up  and  the  new  track  laid. 

Continuous  double-track  service  was  now  again  resumed  (as 
shown  in  Fig.  E),  the  middle  and  north  bound  tracks  to  43rd  St. 
being  used.  During  this  train  movement  the  right-hand  crossover 
just  west  of  the  station  was  changed  to  a  left,  and  the  crossover  just 
east  of  the  station  connecting  the  middle  and  new  south  bound  tracks 
was  taken  out,  the  situation  being  as  shown  in  Fig.  F. 


West   curve   at  40th   street,   finished   structure,   looking   southeast. 


Single-track  movement  on  the  north  bound  track  through  the  sta- 
tion was  now  installed  over  these  crossovers.  During  this  move- 
ment, the  structure  for  the  new  south  bound  track  was  erected  past 
the  station,  the  south  platform  was  jacked-over  to  its  new  position 
(  Fig.  F),  the  remaining  through  girders  at  the  station  span  were 
erected,  and  the  new  south  track  was  laid  through  the  station. 

While  the  above  mentioned  work  was  in  progress,  a  temporary 
station  had  been  erected  at  Prairie  Ave.  with  temporary  stairs  lead- 
ing up  to  the  east  end  of  the  platforms.  Traffic  had  been  diverted 
to  this  and  the  old  station  at  Indiana  Ave.  had  been  wrecked.  On 
the  site  thus  cleared,  the  new  station  was  now  erected  on  the  steel 
work  suspended  from  the  structure  at  the  through  span. 

Also,  while  these  changes  were  in  progress,  the  jacking-up  of  the 
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old  structure  from  Indiana  Ave.  to  39th  St.  had  been  carried  stead- 
ily forward  to  completion. 


All  structural  changes  and  additions  from  Indiana  Ave.  station 
southward,  being  now  complete,  final  two-track  service  on  the  outer 
tracks  from  a  point  just  west  of  Indiana  Ave.  to  43rd  St.  was  now 
installed,  the  situation  at  this  state  being  as  shown  in  Fig.  G.  which 
shows  the  new  track  and  structure  completed  to  the  point  mentioned, 
with  the  crossover  used  in  this  service  in  position  The  arrows 
in  the  figure  indicate  the  train  movements. 


600 


Darling — Construction  So.  Side  Elv.  R.  R. 


The  erection  of  the  new  Third  Track  structure  had  now  (July, 
1905)  been  carried  westward  to  bent  No.  499  (shown  on  Fig.  H), 
also  the  new  middle  track  structure  between  bents  Nos.  499  and  502 
was  erected.  Also  a  temporary  trestle  outside  of  the  existing  struc- 
ture from  bent  No.  496  to  No.  499  (Fig.  H)  was  erected  to  connect 
the  old  and  new  south  bound  tracks  for  temporary  purposes  of  con- 
struction. Meanwhile  tracklaying  had  been  kept  close  up  with  the 
erection,  and  by  Sunday.  July  23rd.  track  was  all  laid  over  the  new 
south  bound  track  and  temporary  trestle  ready  for  a  connection  at 
bent  No.  496. 


Temporary  arrangement  at  station,  40th  street  and  Prairie  avenue. 


To  make  this  connection  and  at  the  same  time  to  disconnect  cross- 
over Q.P.  (Fig.  G),  Sunday  was  chosen,  as  comparatively  few  trains 
are  run  on  that  day.  Accordingly  in  the  forenoon  of  Sunday,  track 
connection  was  made  at  the  point  mentioned  and  crossover  Q.P.  was 
removed  from  the  south  bound  track.  While  this  was  being  done  all 
south  bound  trains  were  diverted  to  the  north  bound  track  at  cross- 
over A  (Fig.  H)  and  switched  back  to  south  bound  track  at  43rd  St. 

On  the  completion  of  this  work,  two-track  service  was  immediately 
resumed,  south  bound  trains  now  being  run  via  temporary  trestle 
and  new  south  bound  track  southward. 

Next,  the  middle  track  now  being  clear,  by  the  use  of  the  two 
outer  tracks  a  portion  of  same  west  of  T,  near  bent  No.   502,  is 
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swung  over  and  connected  with  switch  R.S.  Single-track  movement 
around  the  west  curve  is  now  installed,  north  bound  trains  passing 
via  crossover  C.  T.S.R.,  the  temporary  trestle,  and  crossover  B  to 
their  proper  platform  at  30th  St.  station;  and  south  bound  trains 
continuing  via  temporary  trestle  and  new  south  bound  track  to  Indi- 
ana Ave.  station  and  southward.  This  movemenl  leaves  all  the  east 
portion  of  the  old  structure  of  the  curve  clear  for  tearing  oul  and 
rebuilding. 

During- this  single-track  movement  the  following  work  was  done: 
Completed  erection  of  new  east  track  structure  from  curve  at  40th 
St.  to  south  end  of  station  platform  at  39th  St.,  (as  shown  on  Fig. 
H),  and  erected  through  girders  for  new  north  bound  track  over 
Chicago  luction  Railway  at  40th  St.  Meanwhile  all  free  old  struc- 
ture between  bents  No.  499  and  No.  502  was  torn  down  and  new 
structure  was  erected  in  its  place.  Right-hand  crossover  Q.P.  was 
changed  to  left,  O'.P'.  on  same  location.  New  east  track  between 
39th  St.  and  bent  No.  499,  including  that  portion  through  the  east 
through  girder  span,  together  with  all  other  track  that  it  was  possible 
to  lay  was  laid. 

In  order  to  get  at  the  balance  of  the  old  curve  and  to  erect  the 
new,  it  now  became  necessary  to  abandon  the  crossover  R.S.T. 
(Fig.  H).  This  was  effected  by  extending  the  single-track  service 
to  Q'.P'.  just  east  of  bent  No.  507;  R.S.T.  was  now  taken 
out,  and  turnout  W,  just  west  of  bent  No.  502,  was  laid  to 
a  connection  with  the  new  north  bound  or  east  track,  just  south  of 
the  through  girder  span,  with  a  switch  inserted  in  line  for  the  future 
or  completed  north  bound  track. 

The  work  had  now  advanced  to  a  point  where  another  diversion 
of  traffic  was  necessary  in  order  to  vacate  the  balance  of  the  old 
structure  at  the  curve.  Accordingly  on  August  II,  1905.  single- 
track  movement  was  installed  as  shown  (Fig.  I).  — south  bound 
trains  coming  onto  the  single  track  via  A  and  C,  and  north  bound 
via  I.K.P'.O  .  This  movement,  as  shown  on  figure,  left  the  old 
two-track  structure  between  bents  No.  502  and  No.  507  out  of  serv- 
ice and  ready  to  be  jacked-over  to  its  new  position  parallel  with  the 
new  Third  Track  and  to  a  connection  with  the  new  three-track 
structure  west  of  bent  No.  502. 

This  work  was  now.  accordingly,  done,  the  structure  having  been 
left  on  its  standard  blocking  on  rollers  provided  for  the  purpose. 
The  balance  of  the  old  curve  structure  was  now  torn  out.  the  remain- 
ing through  girders  over  the  Chicago  Junction  Railway  were  erected 
as  well  as  the  remainder  of  the  structure  south  of  the  through  girder 
span. 

The  new  north  bound  track  was  now  laid  westward  on  its  perma- 
nent location  to  a  connection  with  its  corresponding  track  at  bent 
No.  499.  at  the  switch  previously  mentioned  (Fig.  J).  On  the  com- 
pletion of  this  connection  single-track  service  was  shortened  up  to 
this  point  from  the  east,  greatly  facilitating  the  handling  of  trains. 
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A  left-hand  crossover  was  now  installed  between  the  two  old 
tracks  just  north  of  39th  St.  station,  for  use  during-  the  reconstruc- 
tion of  that  station.  Single-track  movement  over  east  track  at  the 
station  was  now  installed,  extending  from  R  to  P,  Fig.  K ;  south 
bound  coming  on  at  S.R.  and  re-entering  south  bound  track  at  P. 
The  old  west  track  was  now  torn  up  through  past  the  station  plat- 
forms ;  new  through  girders  for  the  west  track  at  the  station  span 
were  erected,  and  new  south  bound  track,  south  from  the  station  was 
laid. 

Double-track  service  through  the  station  was  now  resumed,  the 
single-track  service  being  now  limited  to  CO. P.,  Fig.  L. 

During  this  movement  the  crossover  north  of  the  station  was 
changed  from  left  to  right,  whereupon  single-track  movement  was 
diverted  to  south  bound  track  at  the  station  and  combined  with  the 
continued  single-track  movement  across  40th  St.,  the  single  track 
movement  now  extending  from  V  over  crossovers  B.,  C.  and  N.O. 
to  P,  Fig.  M. 

During  this  movement  the  new  Third  Track  structure  is  erected 
northward  past  the  station ;  through  girders  are  erected  for  the  mid- 
dle and  east  tracks  at  the  station  span ;  and  the  east  platform  is 
jacked-over  to  its  new  position  for  the  third  track. 

Meanwhile  the  south  bound  track  has  been  laid  to  a  connection 
with  its  corresponding  track  on  40th  St..  and  now  double-track  serv- 
ice is  immediately  installed  south  of  39th  St.  on  the  two  outer  tracks 
(as  shown  in  Fig.  X),  thus  shortening  the  single-track  service  to 
the  space  between  V  and  B  at  the  station  platform. 

The  new  north  bound  track  is  now  laid  past  the  station  to  a  con- 
nection with  the  corresponding  track  that  has  already  been  laid  be- 
tween 39th  and  35th  St.  stations ;  and  double-track  service  is  now 
installed,  thus  making  the  operation  of  the  third  track  continuous 
from  43rd  St.  to  35th  St.,  and  leaving  the  middle  track  between  these 
points  free  for  future  express  service. 

The  entire  work  of  adding  the  third  track,  reconstructing  the 
curves,  raising  the  old  structure,  etc.,  from  38th  to  43rd  Sts.,  cov- 
ered a  period  of  about  eight  months — namely,  from  about  February 
1  to  September  27,  1905. 

This  work  being  carried  on  as  it  was  under  traffic,  involved  many 
trying  and  difficult  problems  both  of  design  and  execution.  Its  es- 
sential features  were  so  interrelated,  so  interdependent  that  no 
single  phase  of  the  work  could  be  treated  independently,  but  only  with 
due  regard  to  all  its  relations,  and  everything  had  to  be  carried  out, 
in  the  field  as  in  its  design,  as  a  part  of  a  complicated  whole. 

As  in  the  design  and  execution,  so  in  a  description,  once  com- 
menced, there  seemed  to  be  no  place  for  a  pause  until  the  end  was 
reached.  I  have,  therefore,  even  at  the  risk  of  tediousness  and  prolix- 
ity in  detail,  enumerated  at  some  length  all  the  essential  details  of 
this  important  and  difficult  piece  of  work — namely,  from  38th  to 
43rd  Sts. 
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I  would  add  that  in  this  as  in  all  the  rest  of  the  work— adding  the 
third  track  and  the  reconstruction  of  the  old  structure,  the  original 
plans  and  designs  provided  were  not  deviated  from  in  any  essential 

detail ;  and  during  the  whole  course  of  the  work  there  was  no  acci- 
dent and  no  serious  inconvenience  to  the  traveling  public. 


In  the  earlier  stages  of  the  work,  the  question  was  often  asked 
whether  the  waving  grade  adopted  was  to  secure  an  advantage  in 
the  handling  of  trains,  and  a  wish  has  been  expressed  that  this  paper 


604  Discussion — Construction  So.  Side  Elv.  R.  R. 

would  deal  with  this  feature  of  the  work,  to  the  end  that  the  extent 
of  this  advantage,  if  any,  might  be  brought  out. 

In  answer  to  this,  I  would  state  that  the  grades  as  they  stand  today 
were  established  solely  to  secure  the  necessary  headroom  underneath ; 
and  that,  whatever  resulting  advantage  may  have  accrued,  (which 
advantage  would  be  confined  exclusively  to  the  movement  of  local 
trains)   is  merely  incidental  to  the  main  consideration. 

The  amount  of  this  advantage  has  not  been,  and  probably  cannot 
be,  computed  by  any  general  mathematical  formula,  due  to  the  ex- 
istence of  so  many  varying  and  limiting  conditions  such  as, — the 
length  of  the  level  stretch  on  which  the  train  is  stopped,  the  varying 
position  of  the  train  on  the  level  stretch,  the  length  of  the  train,  etc. 

YVe  know,  of  course,  that  the  resistance  due  to  a  grade  of  i%  is 
20  lbs.  per  ton  of  2000  lbs.,  which  resistance  aids  in  the  stopping  of 
the  train  as  it  approaches  the  station  and  which  also  aids  in  the  ac- 
quisition of  maximum  velocity  on  the  1%  run-off  when  same  is 
reached. 

The  initial  current  required  to  start  the  train  on  level  track  is  a 
readily  determinable  quantity.  If  the*  head  of  the  train  at  starting 
is  at  the  beginning  of  the  run-off,  the  advantage  at  starting  is  zero, 
and  gradually  increasing  toward  the  20  lbs.  per  ton  till  the  entire 
train  comes  on  to  the  incline,  when  the  maximum  saving  of  current 
is  attained. 

As  is  usually  he  case,  however,  the  train  stops  at  some  intermedi- 
ate point  on  the  level  stretch,  in  which  event  no  saving  of  power  is 
available  in  starting,  such  saving  coming  into  play  only  after  the 
train  has  acquired  some  velocity. 

All  these  varying  conditions  are  enumerated  to  show  that  any  gen- 
eral formula  to  fit  all  cases  would  be  impossible,  or,  at  least,  diffi- 
cult to  secure.  This  question,  however,  is  an  interesting  one ;  and 
it  is  to  be  hoped  that  a  discussion  of  this  paper  may  bring  out,  as  one 
of  its  features,  some  ideas  that  may  tend  toward  a  general  solution 
of  the  problem  if  such  is  attainable. 

DISCUSSION. 

Mr.  W .  B.  Storey,  Jr.,  m.w.s.e.  :  This  paper  has  been  an  extreme- 
ly interesting  one  to  me,  and  Mr.  Darling  has  indicatel  very  clearly 
the  difficulties  that  engineers  have  to  meet  in  work  of  this  character. 
I  think  the  thanks  of  the  Society  are  due  the  author  for  the  very 
efficient  way  in  which  he  has  presented  the  subject  to  us. 

Mr.  Darling:  In  this  connection  I  wish  to  say  that  I  regret  that 
I  could  not  have  furnished  better  material  for  illustrating  the  work 
on  40th  Street. 

Mr.  J.  C.  Fruit:  I  might  call  attention  to  the  difficulty  experienced 
in  the  field  in  tying  the  new  structure  to  the  old.  This  tying  to- 
gether system,  consisting  of  cross  frames  and  laterals,  was  designed 
from  the  drawings  of  the  old  structures  in  conjunction  with  draw- 
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ings  for  the  new.  When  the  work  had  been  fabricated  and  erection 
commenced  it  was  found  that  the  old  structure  had  settled  consider- 
ably out  of  line  and  that  tying  cross  frames  and  laterals  would  not 
fit  in  the  majority  of  the  spans,  necessitating  new  members  for 
these  spans. 

Mr.  Darling:  Theoretically,  the  old  structure  was  supposed  to 
have  some  sort  of  standard  and  I  presume  it  did,  but  as  a  matter 
of  fact  little  irregularities  had  developed  with  the  years,  and  it  re- 
quired special  devices  for  about  every  span.  This  necessitated 
the  connecting  work  to  be  furnished  in  blank  and  the  drilling  to 
be  done  to  fit. 

Mr.  Storey:  Was  this  work,  as  well  as  the  work  on  the  track 
and  that  which  you  have  shown  us  in  the  way  of  changing  switches, 
etc.,  all  performed  by  contract? 

Mr.  Darling:  Yes,  all  the  work  was  done  by  contract. — founda- 
tion work,  track  work,  and  everything  of  the  kind.  The  contractor 
did  the  switch  work  on  a  percentage  basis. 

Mr.  Storey:  In  this  connection  I  will  say  that  most  of  the  steam 
railroad  companies,  in  the  rebuilding  of  bridges,  do  not  use  contract 
work.  The  nature  of  that  kind  of  work  has  seemed  to  necessitate 
the  organization  of  their  own  gangs.  Most  of  the  western  railroad 
companies  have  their  own  gangs  working  month  after  month  and 
year  after  year  taking  down  old  bridges  and  putting  in  new  ones. 

Mr.  Darling:  I  ought  to  say,  in  justice  to  contractors,  that,  our 
experience  was  a  happy  one  all  through  the  work.  The  contractors 
worked  under  great  difficulties  in  connection  with  the  train  service, 
and  they  did  the  work  just  as  we  wished  to  have  it  done.  We  had 
no  trouble  at  all  in  that  respect,  nor  on  the  percentage  basis. 

Mr.  Storey:  I  suppose  the  work  on  the  percentage  basis  was  done 
at  so  much  per  pound  ? 

Mr.  Darling:    Yes,  you  are  correct. 

Mr.  Fruit:  It  might  be  interesting  for  me  to  state  that  during  the 
work  of  construction  the  structure  had  to  be  supported  for  some 
eight  months  on  wood  blocking,  on  account  of  labor  troubles. 

Mr.  Wm.  B.  Jackson,  M.W.S.E.:  What  led  to  the  increase  in  size 
of  the  bearings  of  the  foundations? 

Mr.  Darling:  In  adding  the  third  track  it  was  found  that  there 
was  additional  weight  brought  on  to  the  old  foundations,  so  we  re- 
newed the  old  foundations."  We  took  out  230  old  foundations  and 
put  in  new  ones  generally  9  ft.  by  9  ft.  In  most  cases  the  old  foun- 
dations were  renewed  on  the  side  adjacent  to  the  new  3rd  track 
structure. 

Mr.  A.  Reichmann,  m.w.s.e.,  (Chairman)  :  There  is  one  feature 
that  was  not  brought  out  very  clearly  in  the  paper,  and  that  is.  that 
the  old  structure  was  very  strongly  braced  all  along  the  line  from 
the  new  structure.     That  added  quite  a  little  to  the  work. 

Mr.  Storey:  Were  any  special  precautions  taken  relative  to  pro- 
tection from'  danger  incident  to  the  third  rail,  while  the  work  was 
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going  on?  Where  there  any  accidents  to  the  workmen  due  to  com- 
ing in  contact  with  the  third  rail  ? 

Mr.  Darling:  Xo  precautions  were  taken,  and  very  few  accidents 
occurred.  The  workmen  simply  looked  out  for  themselves.  Occa- 
sionally one  would  receive  a  little  jolt,  but  I  do  not  recall  that  any 
workman  was  killed  from  that  cause. 

Mr.  Storey:  I  would  point  out  that  this  is  certainly  a  remarkable 
example  of  what  can  be  done  in  electric  railway  construction,  taking 
into  consideration  that  the  service  was  continued  with  very  little 
interruption.  One  of  the  problems  that  presents  itself  is  the  danger 
to  the  workmen  in  handling  track,  and  I  can  hardly  conceive  of  a 
more  complex  case,  where  the  men  were  thrown  close  to  the  third 
rail  in  all  of  the  work  they  had  to  do,  than  in  the  work  which  has 
been  shown  us  this  evening,  and  a  record  like  that  deserves  special 
attention. 

Mr.  Darling:  It  does  seem  remarkable  that  the  work  could  be 
done  in  such  close  proximity  to  the  third  rail  without  more  accidents, 
especially  in  view  of  the  large  number  of  trains  which  were  in  opera- 
tion continuously.  My  experience  has  been,  however,  that  where  dan- 
ger is  ever  present,  one's  mind  is  continually  charged  with  the  thought 
of  danger,  causing  him  to  be  alert  all  the  time,  and  accidents  are 
likelv  to  be  reasonably  rare  in  such  cases. 
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Screwspike  used  in  new  work. 


Mr.  Rcichmann:  I  would  ask  how  successful  the  screw  spikes  for 
securing  the  rails  have  been  on  this  work? 

Mr.  Darling:  It  is  eminently  successful  so  far,  and  I  see  no  reason 
why  it  shouldn't  continue  to  be  satisfactory  in  the  future.  However, 
time  will  tell  what  may  develop  when  the  track  has  to  be  renewed. 
I  know  of  rails  having  worn  out  and  renewals  having  been  made, 
but  have  heard  no  expression  of  dissatisfaction  or  of  any  insur- 
mountable difficulty  in  withdrawing  the  spike.  It  certainly  holds  the 
rail  in  place  in  good  shape,  does  not  split  the  tie,  and  does  not  de- 
stroy the  wood.     I  think  it  will  prove  to  be  a  very  satisfactory  spike. 
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Mr.  Story:  I  would  ask  .Mr.  Darling  what  the  size  of  the  tie  plate- 
was,  and  also  what  was  the  style  of  plate? 

Mr.  Darling:    The  tie  plate  is  flat  with  a  little  flange  fitting  up 

against  one  edge  of  the  rail,  anl  the  spike  holes  come  diagonally  on 
the  tie.  I  will  ask  Mr.  Ralls  to  state  the  size  of  the  tie  plate,  as  I 
have  forgotten  it. 

Mr.  M.  S.  Ralls,  m.w.s.e.  :  The  size  of  the  tie  plate  is  \s  in.  in  thick- 
ness. 6  in.  wide  and  8  in.  long,  with  staggered  spike  holes,  these 
being  15-16  in.  in  diameter  and  spaced  between  centers  $%  in.  It 
has  a  shoulder  or  rib  on  one  side,  which  sets  up  firmly  against  the 
flange  of  the  track  rail,  but  there  is  no  rib  on  the  bottom  of  the  tie 
plate,  it  rests  flat  on  the  cross-tie.  The  spike  holes  are  staggere.l. 
the  staggered  distance  being  3^  in.  center  to  center.  This  is  the 
style  of  tie  plate  used  on  tangent  track.  On  curved  track,  where  a 
steel  guard  rail  is  required,  the  tie  plates  vary  in  length,  according 
to  the  radius  of  the  curve.  Those  used  on  the  curves  are  numbered 
1,  2,  3,  4  and  5: 

No.  1  is  io}i  in.  between  centers  of  spike  holes. 
Xo.  2  is  io>4  in.  between  centers  of  spike  holes. 
Xo.  3  is  10^  in.  between  centers  of  spike  holes. 
Xo.  4  is  103/2  in.  between  centers  of  spike  hole-. 
Xo.  5  is  io?4  in.  between  centers  of  spike  holes. 
No.   1  gives  1^4  in.  flange  way. 
No.  2  gives  i}i  in.  flange  way. 
No.  3  gives  2       in.  flange  way. 
No.  4  gives  2Ts   in.  flange  way. 
Xo.  5  gives  2^4   in  flange  way. 

Mr.  Story:  In  this  connection  I  might  say  that  the  tie  plate  is  creat- 
ing a  good  deal  of  attention,  and  the  rib  spoken  of  is,  as  a  rule,  put 
on  the  outside  of  the  track. 

Mr.  Darling:  I  think  it  is  understood  that  our  tie  plates  are  flat  on 
the  bottom,  and  that  there  is  no  rib  to  cut  into  the  tie. 

Mr.  J.  H.  Warder,  m.w.s.e.  :  Would  not  the  cost  of  the  .-crew 
spikes  be  about  double  that  of  the  ordinary  driven  type  ? 

Mr.  Darling:  I  am  not  certain  what  they  do  cost,  but  I  think  they 
cost  at  least  that  much  more  than  the  ordinary  spike.  The  cost  of 
laying  track  is  a  little  more  with  the  screw  spike. 

A  Visitor:  What  is  the  method  of  driving  the  screw  spike,  and 
about  how  long  does  it  take  ? 

Mr.  M.  S.  Ralls:  With  a  full  force  of  men  on  double  track  work. 
20  screw  spikes  per  minute  can  be  put  in.  The  holes  are  hired  by 
mechanical  power,  requiring  two  men  to  operate  the  boring  machine-. 
one  engineer  followed  up  with  two  men  starting  and  setting  spike-. 
and  they  followed  up  with  two  crank  wrenches  requiring  four  men 
to  operate  them,  and  one  man  to  distribute  the  -pike.-.  With  this 
force  of  men,  and  everything  working  in  good  condition,  20  -pike- 
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per  minute  can  be  put  in.     Compressed  air  was  used  as  power  for 
drilling  the  holes. 
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Tie  plate  under  rails. 


Mr.  E.  E.  R.  Tratman,  m.w.s  f.  ■  T  -me-line  grade  system, 
with  grades  of  1.66  per  cent,  at  each  station,  was  proposed  some  25 
years  ago  for  an  underground  railway  in  London  (England).  The 
line  was  to  be  operated  by  storage  battery  or  compressed  air  loco- 
motives. I  was  engaged  upon  the  plans  at  one  time.  The  line  was 
never  built,  but  was  on  the  route  of  the  present  electric  tube  line  of 
the  Central  London  Ry.  I  would  like  to  ask  how  the  trains  were 
controlled  in  passing  over  the  single-track  sections  of  the  elevated 
railway.  This  is  an  important  matter  with  such  a  frequent  service 
of  trains. 

Mr.  Darling:  The  trains  are  controlled  by  a  flagman  at  each  end 
on  tangents  and  around  curves  one  in  the  middle.  They  signal  one 
to  the  other  so  the  trains  cannot  come  on  without  the  consent  of  the 
men  on  watch. 

Mr.  J.  G.  Spiclman,  m.w.s. e.  :  In  regard  to  the  size  of  founda- 
tions, as  I  understand  the  construction,  the  new  column  is  braced  to 
the  old  structure  in  such  a  way  that  settlement  would  throw  consid- 
erable stress  on  the  bracing,  and  for  that  reason  I  think  it  is  a  good 
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thing  that  the  foundations  were  made  larger  than  usual.  The  old 
columns  had  settled  a  certain  amount  and  would  not  be  likely  to  set- 
tle any  more.  Naturally  a  new  foundation  would  settle  a  little  after 
putting  it  into  use,  and  if  it  were  made  no  larger  than  the  old  one, 
it  would  be  fair  to  assume  that  it  would  settle  as  much  as  the  old  one] 
and  this  larger  foundation  would  counteract  the  effect  of  settling.' 
I  understand  that  in  your  cross-girder  section  you  put  in  foundat: 
all  of  the  same  size  ;  that  would  take  care  of  that  settling;  otherwise 
your  girder  might  be  settling  on  one  point  onlv. 

Mr.  Darling:  I  would  like  to  hear  from  someone  on  the  subject 
of  waving  grade.  I  think  I  brought  the  matter  out  so  that  it  was 
understood  that  the  train  stops  at  a  station  on  a  level  grade,  and 
usually  it  is,  we  will  say,  40  or  50  ft.jtrom  the  front  end  of  the  train 
to  where  the  grade  begins  to  drop  off.  It  is  easy  enough  when  the 
train  is  entirely  on  the  1  per  cent,  grade,  to  tell  how  much  benefit  is 
derived  by  the  grade  as  an  aid  to  starting.  The  position  of  the  train, 
of  course,  precludes  any  incidental  benefit  while  the  train  is  starting, 
but  the  advantage,  due  to  the  fall  of  1  per  cent,  grade,  does  con: 
before  the  train  gets  its  full  speed.  I  was  hoping  there  might  be 
someone  here  who,  perhaps  with  a  due  amount  of  thought,  could 
give  some  formula  that  would  lend  itself  to  a  solution  of  a  general 
proposition  of  this  kind. 

Mr.  Story:  So  far  as  steam  roads  are  concerned,  any  aid  in  start- 
ing in  getting  the  train  up  to  speed  is  a  great  advantage,  and  a  grade 
of  that  kind  would  be  an  aid.  Take  a  train  traveling  at  60  miles  an 
hour, — it  begins  to  stop  at  a  distance  of  one-half  to  three-quarters 
of  a  mile,  and  it  takes  it  three  miles  to  regain  its  regular  speed.  A 
down  grade  would  very  materially  assist  in  getting  up  the  speed. 

A  J'isitor:  How  are  the  points  located  on  the  curve,  in  laying  out 
the  work  ? 

Mr.  Darling:  They  are  located  usually  from  the  base  line  outside 
of  the  curve — from  a  straight  line.  Sometimes  the  situation  is  such 
that  they  can  be  located  directly  from  the  center,  but  the  usual  pro- 
cedure is  to  lay  off  the  base  line  and  figure  the  location  at  the  column 
points  at  ri?ht  angles  from  the  base  line  and  figure  out  the  distance. 
It  is  necessarv  sometimes  to  establish  a  sub-base  line. 


ELECTRIC  EQUIPMENT  OF  SIEAM  AND  GASOLINE  AUTOMOBILES 

Mr.  F.  R.  Babcock. 

Read  before  the  Electrical  Section,  May  8,  1908. 

Since  the  earliest  days  of'  autobobile  history,  electricity  has  played 
an  important  part  in  the  design  and  operation  of  all  machines,  which 
depend  for  motive  power  on  some  form  of  explosion  or  internal  com- 
bustion engine.  It  is  only  within  comparatively  recent  years,  how- 
ever, that  it  has  found  any  purpose,  save  that  of  ignition.  As  might 
be  expected,  the  vast  increase  in  the  application  of  electricity  to 
other  lines  of  work  has  stimulated  its  use  in  the  automobile  field 
until  at  the  present  day,  it  is  taking  the  place  of  acetylene  or  kero- 
sene for  illumination,  hand  and  exhaust  operated  horns  for  signalling, 
gears  and  friction  devices  for  speed  changing,  and  serving  a  host  of 
minor  purposes.  It  is  my  purpose  in  this  paper  to  give  a  brief  ac- 
count of  some  of  the  various  devices,  combinations  and  arrangements, 
which  have  been  used  in  the  application  of  electricity  to  the  various 
purposes  mentioned. 

The  first  purpose  for  which  electricity  was  employed  in  the  auto- 
mobile was  for  ignition  and  this  is  still  the  most  important  of  its 
applications.  Two  methods  of  igniting  the  charge  are  in  general  use, 
known  respectively  as  the  high  tension  or  jump  spark  and  the  low 
tension  or  make  and  break  spark.  As  the  names  imply,  the  former 
depends  on  a  discharge  of  electricity  at  high  tension  between  fixed 
electrodes  inside  the  cylinder,  while  the  latter  uses  a  low  tension 
circuit,  in  which  is  included  a  coil  of  wire  having  considerable  self- 
induction,  the  circuit  being  made  and  broken  by  moving  electrodes 
within  the  cylinder.  These  two  schemes  modified  in  detail  to  suit 
the  ideas  of  individual  designers  are  practically  in  universal  use  to- 
day. We  will  consider  first,  these  two  systems  as  a  whole  and  later 
take  up  the  source  of  electrical  energy,  which  may  be  used  for  either 
one. 

HIGH  TENSION  SYSTEM. 

This  consists  in  its  elements  of  an  induction  coil  for  raising  the 
voltage  of  a  battery  or  generator  to  the  potential  required  to  jump  a 
gap  of  1-32  to  1-16  of  an  inch  under  pressure  of  50  to  80  pounds  per 
square  inch.  The  spark  plug,  battery  or  generator,  and  timer  com- 
plete the  essential  elements  of  the  system.  In  detail,  this  simple 
apparatus  may  take  one  of  a  number  of  different  forms,  dependent 
upon  the  construction  of  the  engine,  the  source  of  current,  etc.,  and 
we  will  discuss  briefly  the  principle  arrangements  in  use. 

On  a  single  cylinder  engine,  the  system  approaches  the  ideal  one 
in  simplicity.  As  the  number  of  cylinders  is  increased,  the  appa- 
ratus may  be  multiplied,  making  practically  an  individual  system  ior 
each  cylinder,  or  a  single  coil  may  be  used  and  suitable  distributing 
devices  employed  to  conduct  the  high  tension  current  to  the_  proper 
cylinder  at  the  proper  time.     Further  variation  may  be  obtained  by 
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using  either  a  vibrating  coil  which  gives  a  succession  of  sparks  a1 
each  contact,  or  a  simple  transformer  with  a  single  contact  and  a 
single  spark  explosion.  In  the  latter  case,  some  special  type  of  o 
tact  maker  or  timer,  which  will  cause  a  rapid  interruption  of 
cuit  is  necessary,  in  order  that  the  induced  voltage  may  be  made  high 
enough  without  an  undue  increase  in  the  size  of  the'  coil.  The  in- 
dividual coil  type  of  ignition  system  has  had  considerable  popularity, 
owing  to  its  simplicity  and  to  the  fact  that  it  is  easier  to  locate 
trouble  in  the  ignition  system,  if  a  separate  coil  is  used  for  each  cylin- 
der than  if  a  single  coil  with  a  distributor  is  employed.  It  has  the 
additional  advantage  that  injury  to  one  coil  will  not  put  the  engine 
entirely  out  of  business.  Recent  experiments  have  shown  that 
the  individual  coil  system  has  some  rather  important  disadvan- 
tages, which  will  no  doubt  eventually  limit  its  use  in  auto- 
mobiles. The  principle  objection  lies  in  the  difficulty  of  maintaining 
uniform  conditions  in  each  circuit,  the  result  being  that  the  ignition 
does  not  occur  at  the  same  point  in  each  cylinder  and  thus  the 
maximum  power  of  the  engine  is  not  obtained.  In  other  words. 
the  time  lag  of  each  coil  circuit  depends  largely  on  the  adjustment  of 
the  individual  vibrators  and  it  is  difficult,  if  not  impossible,  to  main- 
tain this  adjustment  for  any  considerable  period  at  a  uniform  value. 
Where  a  single  coil  with  high  tension  distributor  is  used,  the  system 
is  synchronized  and  this  difficulty  is  avoided.  Moreover,  it  is  possi- 
ble in  the  single  circuit  system  to  maintain  duplicate  coils  and  thus 
both  avoid  the  possibility  of  failure  of  the  apparatus  and  assist  in 
separating  the  possible  sources  of  defective  running. 

A  system  which  offers  some  of  the  advantages  of  both  arrange- 
ments has  been  recently  brought  out  by  one  of  the  large  electrical 
manufacturers.  Its  peculiarity  lies  in  the  fact  that  individual  coils 
are  used  with  a  single  vibrator  and  condenser.  The  coils  are  placed 
in  a  fibre  tube  which  extends  over  the  cylinders  of  the  engine,  short 
high  tension  cables  connecting  one  terminal  of  each  coil  to  the  cor- 
reponding  spark  plug.  A  single  vibrator  with  its  own  magnetizing 
coil  and  condenser  is  placed  on  the  dash  board  and  connected  to  the 
common  terminal  of  the  coils.  The  usual  battery  and  timer  complete 
the  equipment.  This  scheme,  while  providing  synchronous  ignition, 
does  away  with  the  necessity  of  commutating  the  high  tension  cur- 
rent and  as  the  coils  may  be  enclosed  completely  and  have  no  ex- 
posed connections  or  moving  parts,  they  are  not  likely  to  give  any 
trouble.  The  vibrator  unit  is  easlv  duplicated  and  the  wiring  is 
very  simple. 

LOW  TENSION. 

The  low  tension  or  make  and  break  system  was  one  of  the  earliest 
in  use,  being  employed  on  a  Haynes-Apperson  car  in  [893  or   I E 
It  fell  into  apparent  disfavor  for  a  few  year-;  but  up  t«»  the  last  year 
has  been  -rowing  in  popularity  and  is  at  present  used  on  many  of  the 
hi-hest  priced  car-.     The  low  tension  devices  combine  a  fixed  insu- 
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lated  contact  inside  the  cylinder  and  a  moving  contact  operated  by  a 
cam  or  other  mechanical  motion.  A  spring  device  of  some  kind  is 
always  provided  to  insure  firm  contact  between  the  electrodes  and  a 
quick  break.  The  advantages  of  the  low  tension  system  are  mainly 
in  its  simplicity,  the  only  essential  features  being  a  source  of  current, 
a  simple  self  induction  coil  and  the  mechanical  parts  on  the  engine. 
If  properly  made,  it  is  synchronized,  at  least  when  new,  and  the 
spark  produced  is  rather  hotter  than  the  high  tension  coil  gives. 
It  is  also  less  subject  to  trouble  from  over  lubrication  and  consequent 
fouling  of  the  electrodes.  These  characteristices  have  given  the  low 
tension  system  a  high  reputation  for  reliability,  especially  in  contrast 
with  the  earlier  and  less  well  developed  high  tension  arrangements. 
It  has,  however,  certain  features  which  are  objectionable  and  as 
the  minor  troubles  with  the  high  tension  system  are  eradicated,  it 
seems  likely  that  it  will  gradually  fall  into  disfavor.  Electrically 
simple,  it  is  mechanically  complicated  and  involves  a  large  number 
of  extra  parts,  wearing  surfaces,  etc.,  which  give  rise  to  noise,  loss 
of  compression  and  variation  in  the  time  of  ignition.  It  is  difficult 
to  vary  the  time  of  ignition  to  suit  the  various  running  conditions 
and  an  inexperienced  driver  finds  it  much  more  difficult  to  repair 
and  adjust.  It  uses  considerable  more  energy  than  the  high  tension 
coils  and  is  therefore  seldom  installed  with  battery  only,  a  magneto 
or  dynamo  being  almost  essential.  It  is  considerably  more  expensive 
in  first  cost.  Its  principle  disadvantage,  the  necessity  for  a  moving 
part  inside  the  cylinder  wall,  is  insuperable  and  it  seems  reasonable 
to  believe  that  high  tension  ignition  will  gradually  supersede  it. 

SOURCES   OF    CURRENT. 

The  original  source  of  electricity  for  ignition  was  some  form  of 
primary  battery.  As  in  most  other  cases,  the  primary  battery  proved 
defective  in  capacity  and  life,  and  expensive  to  use.  While  in  the 
form  of  a  dry  battery,  it  has  retained  a  place  in  the  automobile  field, 
its  use  is  practically  confined  to  the  smaller,  cheaper  cars  using  high 
tension  ignition.  The  storage  battery  has  been  a  favorite  source 
of  energy  and  in  its  improved  form  is  a  satisfactory  one.  It  is  too 
familiar  to  require  extended  attention  here,  its  principle  disadvan- 
tages being  due  to  the  care  required  in  handling  it.  With  properly 
constructed  plates  and  proper  attention,  it  is  a  very  reliable  and 
moderately  long  lived  piece  of  apparatus.  It  is  practically  a  necessity 
if  any  lighting  is  to  be  done  and  even  where  a  magneto  is  depended 
upon  for  ignition,  a  storage  battery  is  usually  furnished  as  reserve. 
A  form  of  storage  battery  having  a  semi-solid  electrolyte  and  known 
as  a  "dry"  storage  battery  has  proven  very  popular.  As  it  cannot 
spill  or  slop,  it  requires  less  attention  and  is  considerably  cleaner  than 
the  liquid  electrolyte  forms.  It  is,  however,  somewhat  heavier  for 
a  given  capacity  and  is  less  suitable  in  connection  with  a  dynamo, 
since  it  will  not  stand  excessive  charging  currents  nor  prolonged 
evercharging. 
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DYNAMOS. 

These  may  be  divided  into  two  classes,  those  which  try  to  take 
the  place  of  the  battery  and  which  are  therefore  direct  current  con- 
stant voltage  dynamos  or  magnetos  and  a  second  class  which  aim  to 
provide  an  alternating  current,  a  single  impulse  being  relied  on  for 
ignition.  As  such  machines  are  not  self  exciting,  they  are  always 
of  the  magneto  type.  These  mechanical  devices  being  dependent 
upon  the  engine  for  power  must  be  adapted  to  furnish  current  at 
widely  varying  speeds  and  considerable  difficulty  has  been  experi- 
enced in  providing  a  direct  current  generator  which  will  f urn id, 
proximately  constant  voltage  under  these  conditions.  The  most 
successful  attempts  to  do  this  have  been  along  the  line  of  friction 
drives  in  conjunction  with  some  centrifugal  governing  device,  which 
will  increase  or  decrease  the  friction.  The  dynamo  is  then  geared 
high  enough  so  that  at  the  lowest  speed  of  the  engine  will  operate 
at  normal  speed  without  slipping  the  friction  drive.  At  all  speeds 
above  this,  there  is  more  or  less  slipping.  The  disadvantages  of  this 
arrangement  or  any  other  mechanical  speed  regulating  device  are 
too  obvious  to  require  comment.  They  are  so  serious  as  to  practi- 
cally prohibit  the  use  of  simple  shunt  wound  machines  without  a  bat- 
tery. For  ignition  only  therefore,  the  magneto  practically  controls 
the  situation. 

Magnetos  for  ignition  may  be  divided  broadly  into  two  classes, 
rotating  armature  and  inductor  types.  The  first  type  is  a  develop- 
ment of  the  simple  magneto  with  shuttle  wound  armature,  such  a 
familiar  to  all  of  you  in  the  telephone  ringer.  For  automobile  use, 
the  magneto  is  made  considerably  larger  and  heavier  and  the  arma- 
ture is  quite  frequently  mounted  on  ball  bearings.  For  low  tension 
work,  a  single  coarse  wire  winding  is  placed  on  the  armature.  The 
position  of  the  core  being  so  adjusted  with  reference  to  the  time  of 
contact  in  the  engine  that  the  current  is  a  maximum  at  the  moment 
the  contact  is  broken.  The  armature  itself  provides  sufficient  self 
induction  to  give  a  hot  spark  without  the  use  of  external  coil.  For 
high  tension  work,  the  same  machine  may  be  used  with  an  external 
high  tension  coil  or  the  high  tension  winding  may  be  placed  on  the 
armature  itself.  In  either  case  the  contact  maker  is  mounted  on  the 
end  of  the  magneto  shaft  and  if  an  external  coil  is  not  used,  the  con- 
denser is  placed  inside  the  magnets,  so  that  the  machine  is  entirely 
self  contained.  For  use  on  multi-cylinder  engines  a  distributor  musr 
be  used  and  this  is  also  incorporated  into  the  body  of  the  magneto. 
The  inductor  type  of  machine  is  used  largely  for  high  tension  work 
and  employs  a  rotating  cylinder  separating  the  armature  from  the 
magnet  pole  pieces,  the  cylinder  being  cut  away  at  opposite  points,  so 
that  the  flux  through  the  armature  is  alternately  short  circuited  and 
open  circuited.  This  has  the  advantage  that  no  maving  wire  is  re- 
quired, and  therefore  the  machine  is  somewhat  better  adapted  to  high 
tension  work.  Recent  designs  in  magnetos  show  a  strong  tendency  to- 
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ward  making  the  magneto  complete  in  itself,  the  only  external  appa- 
ratus necessary  being  the  wiring  from  the  magneto  to  the  spark  plugs 
and  a  single  circuit  to  the  dashboard  for  stopping  the  engine.  Thus 
arranged,  the  magneto  is  ideal  from  the  car  owner's  standpoint  as 
long  as  it  operates,  but  a  magneto  which  refuses  to  wrork  properly 
for  any  reason  is  almost  as  hopeless  a  problem  to  the  average  driver 
as  a  telephone  switchboard  out  of  order  would  be  to  a  high  school 
student.  The  result  is  that  the  only  thing  an  owner  can  do  with  his 
magneto  is  to  take  it  off  and  send  it  back  to  the  factory  and  if  he  has 
no  other  ignition  system  on  his  car  this  means  disabling  his  car  for 
an  indefinite  period  so  that  the  best  cars  now  on  the  market  furnish 
duplicate  ignition  systems,  a  magneto  for  ordinary  running  and  a 
storage  battery  and  high  tension  coil  with  distributor  for  emergencies. 

This  arrangement  though  beautiful  in  theory  sacrifices  the  advan- 
tage of  the  magneto  in  the  line  of  simplicity  and  inasmuch  as  the 
magneto  is  depended  upon  for  all  ordinary  purposes,  the  storage 
battery  used  is  more  than  likely  to  be  in  a  run  down  condition  when 
the  emergency  which  requires  its  use  arises.  We  will  therefore 
take  up  a  combination  system  which  presents  certain  advantages  over 
any  arrangement  now  on  the  market  so  far  as  the  writer's  experience 
goes  and  which  indicates  what  in  the  writer's  mind  is  going  to  be  the 
trend  in  automobile  work.  This  equipment  may  best  be  described 
as  a  miniature  train  lighting  scheme  very  much  simplified  in  detail. 
The  fundamental  elements  are  the  dynamo,  which  is  of  special  design 
and  construction,  automatic  devices  which  regulate  the  flow  of  cur- 
rent and  a  storage  battery.  The  dynamo  may  be  geared  or  belted  to 
any  moving  part  of  the  car  and  is  of  the  water-proof  type,  made  of 
cast  steel  to  reduce  the  weight  and  with  Hess-Bright  ball  bearings 
and  very  liberal  commutator  to  insure  long  life  and  to  diminish  the 
amount  of  attention  required.  If  geared  to  the  engine,  a  speed 
variation  of  at  least  4  to  i  may  be  expected  and  the  dynamo  should 
be  capable  of  charging  the  battery  at  any  speed  throughout  this 
range  without  exceeding  a  certain  maximum  current.  This  ob- 
viously necessitates  some  electrical  regulating  scheme,  which  in  the 
case  under  discussion  takes  the  form  of  an  automatic  cut-out  and  reg- 
ulating coils  on  the  dynamo.  The  cut-out  not  only  serves  the  pur- 
pose of  limiting  the  output  of  the  generator  but  also  automatically 
disconnects  it,  when  the  speed  falls  too  low  and  cuts  it  in  again  as 
soon  as  the  voltage  of  the  generator  exceeds  that  of  the  battery. 
Owing  to  the  fact  that  some  details  of  this  controlling  device  are  still 
in  the  patent  office,  the  writer  is  not  at  liberty  at  this  time  to  explain 
it  in  detail,  but  will  say  that  it  works  very  satisfactorily,  the  current 
varying  from  about  3  amperes  at  the  minimum  speed  to  5  at  the 
maximum. 

The  battery  used  in  connection  with  this  equipment  consists  of 
6  cells  of  ignition  battery  in  two  groups,  the  ignition  devices  being 
connected  alternately  across  each  set  by  the  usual  two-point  switch. 
Lights  and  other  devices  are  operated  across  the  outside  terminals 
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of  the  whole  battery,  the  dynamo  being  also  connected  across  tin- 
line. 

A  simple  ammeter  on  the  dash  serves  to  indicate  that  the  apparatus 
is  in  working  order  and  gives  the  driver  an  idea  how  much  energy 
is  going-  into  the  battery.  As  the  generator  supplies  normally  about 
the  same  amount  of  current  that  the  lights  demand,  the  batter 
being  charged  during  all  day  running  and  is  only  discharged  at  am 
considerable  rate  when  the  car  is  standing  at  night  with  all  the  lights 
on. 

The  result  is  that  only  sufficient  battery  need  he  carried  to  serve 
as  reserve  ami  for  emergency  use.  As  it  is  more  likely  to  he  over- 
charged and  in  fact  must  he  overcharged  to  a  certain  extent  to  allow 
for  unusual  conditions,  a  special  type  of  plate  is  necessary.  By  using 
a  heavy,  chemically  formed  plate  and  large  acid  capacity,  a  battery 
which  will  stand  up  under  this  service  may  be  made  and  owing  to  the 
small  ampere  hour  capacity  demanded,  the  weight  need  not  lie  ex- 
cessive. 

The  type  of  lamp  used  for  this  equipment!  merits  some  attention, 
as  the  present  acetylene  searchlights  throw  such  a  volume  of  light 
that  anything  electrical  to  compete  with  them  must  be  very  brilliant. 
The  source  of  light  used  is  a  miniature  incandescent  lamp  having  a 
metalized  carbon  filament  in  the  form  of  a  coil.  This  coil  is  placed 
in  the  exact  focus  of  a  spun  copper  reflector  heavily  plated  with 
silver.  This  reflector  is  spun  over  a  form  whose  surface  is  a  true 
paraboloid,  the  result  being  a  most  efficient  light  giving  arrange- 
ment. The  filament  is  worked  at  a  high  temperature  correspond- 
ing to  an  efficiency  of  about  one  watt  per  caudle,  and  the  lamp  shown 
is  using  in  the  neighborhood  of  24  watts.  (  >f  course  the  life  under 
these  conditions  is  very  diart.  probably  not  over  50-  100  hours  con- 
tinuous burning,  but  as  the  average  owner  does  not  use  his  head- 
lights more  than  a  few  hours  a  week,  his  expense  for  renewals  is 
n<  t  verv  heavy.  For  side  and  tail  lamps,  dome  lamps,  etc.,  miniature 
12  volt  lamps  of  4  in(.  candle  power  taking  S  to  12  watts  are  em- 
ployed. 

In  brief,  this  lighting  equipment  provides  a  generous  supply  of 
electricitv  at  approximately  constant  potential  with  a  reserve  of  from 
4  to  C>  hours,  in  case  the  dynamo  is  not  running  and  demands  110  fur- 
ther attention  from  the  driver  than  the  ordinary  care  a  storage  bat- 
tery requires.  It  provides  a  reserve  batter)  for  ignition  and  if 
vibrating  coils  are  used,  the  fact  that  the  polarity  is  alternately  posi- 
tive and  negative  on  the  vibrator-  diminishes  verv  materially  the 
wear  on  the  contacts  and  also  decrease-  materially  the  adjustment 
necessary.  The  dynamo  is  lighter,  simpler  ami  more  efficient  than 
the  magneto  and  the  nuisance  of  kerosene,  oil.  and  acetylene  renew- 
als is  done  away  with.  The  convenience  of  being  able  to  QQntrcjj  the 
lights  from  the  seat  and  the  diminution  of  tire  risk  are  not  unimport- 
ant advantages. 

The  number  of  minor  devices  and  conveniences  which  an-  operated 
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electrically  are  legion  but  time  will  not  permit  to  more  than  mention 
a  few  of  them.  Electrically  operated  horns,  anunciators,  telephones, 
wireless  telegraph  outfits,  cigar  lighters,  exploring  lamps,  etc.,  are 
all  in  use  on  automobiles  and  our  French  friends,  who  seem  more 
enterprising  than  we  are  in  the  matter  of  electrical  applications,  have 
furnished  heating  apparatus,  curling  irons,  cooking  devices  and  have 
even  used  motors  for  starting  their  engines,  although  I  have  not  at 
present  information  as  to  where  they  get  the  energy  necessary  to  sup- 
ply such  a  variety  of  devices. 

I  wish  in  closing  this  paper  to  acknowledge  the  kind  assistance  of 
the  Beckley-Ralston  Co.,  who  have  loaned  me  some  of  the  apparatus 
vou  have  seen  and  Mr.  A.  S.  McKee,  who  has  given  me  great  assist- 
ance in  getting  the  apparatus  together  and  who  furnished  the  bat- 
teries and  lamns  for  this  work. 

Xote. — The  paper  was  followed  by  an  informal  conversational  talk, 
pertaining  to  the  subject,  and  in  explanation  of  apparatus  exhibited. 


THE  CONSERVATION  OF  THE   FORESTS  AND  WATER   POWERS  OF  WISCONSIN 

Mr.  E.  M.  Griffith,  State  Forester 

Presented  June  3,  1908. 

I  was  pleased  to  hear  the  resolutions  which  were  read  here  to- 
night in  regard  to  conservation  of  forests.  Just  coming  within  a 
few  days  from  the  Conservation  Conference  in  Washington,  I. 
haps  feel  all  the  more  encouraged  that  this  country  is  going  ahead 
rapidly,  taking  up  this  large  question  of  conservation  in  the  different 
lines.  I  have  been  much  interested  in  the  last  year  or  two  to  see  that 
engineers  feel  that  that  forestry  is  something  they  need  to  know- 
about.  In  Wisconsin  I  am  giving  a  course  of  lectures  at  the  Univer- 
sity on  forestry,  and  have  been  pleased  to  find  many  engineers  taking 
the  forestry  course.  They  are  especially  interested  because  of  the 
work  that  the  large  railroad  companies  have  been  doing:  planting 
their  own  timber,  treating  their  ties  to  make  them  last  1  >nger,  also 
the  regulation  of  stream  flow,  protection  of  watersheds,  reservoirs, 
etc.  I  am  often  told,  in  speaking,  that  I  take  it  for  granted  that  my 
audience  know  a  good  deal  about  forestry,  so  I  am  going  to  assume 
to-night  that  you  know  little  or  nothing  about  the  subject  and  I  shall 
in  the  beginning  try  to  explain  just  what  forestry,  is  and  what  this 
country  is  doing. 

Forestry  is  the  systematic  management  of  forests  to  secure  suc- 
cessive crops  of  timber  instead  of  treating  the  forests  as  the  lumber 
companies  have  been  doing:  namely,  cutting  off  the  timber  and  then 
leaving  the  land  to  waste  and  revert  to  the  state  or  take  care  of 
itself.  Forestry  has  been  practiced  for  many  hundred  years  in 
Europe,  especially  in  France  and  Germany.  We  find  too  that  the 
English  have  done  magnificent  work  in  India.  Japan  also  has  done 
a  great  deal  along  the  lines  of  forestry.  In  the  case  of  Germany 
and  France,  thev  have  carefully  examined  their  countries  to  find  out 
what  portions  should  be  devoted  to  agriculture  and  what  given  over 
to  the  raising  of  timber  crops. 

As  we  look  at  the  reasons  for  forestry  we  find  it  is  not  simply  a 
question  of  having  a  wood  supply.  England  is  a  small  country  which 
does  not  practice  forestry  at  all,  but  depends  entirely  upon  her  col- 
onies for  getting  her  timber.  To  see  the  need  of  fore-try  you  only 
have  to  turn  to  countries  like  India  and  especially  China  where  there 
has  been  such  a  tremendous  destruction  of  the  forests.  In  these 
countries  the  destruction  of  the  forests  has  meant  the  destruction 
of  the  streams,  the  consequent  loss  of  water  power,  and  also  water  to 
irrigate  their  land-,  causing  famine-  which  we  so  often  read  about. 
You  perhaps  have  read  how  in  China,  a  mother  often  questions 
whether  she  will  throw  her  baby  into  the  spring  flood  or  keep  il  alive 
to  face  the  danger  of  dying  of  starvation  when  the  crop-  fail  from 
lack  of  water. 

t;i: 
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Coming-  to  this  country  we  find,  as  you  know,  that  forestry  is  com- 
paratively new,  as  it  was  first  taken  up  by  the  National  Government 
in  1897  when  Cleveland  was  in  the  White  House.  He  took  ad- 
vantage of  a  very  short  but  adequate  law  passed  in  the  early  days 
of  this  country  by   which  the   President  was   allowed  to  withdraw 


View  of  one  of  the  few  fine  pieces  of  white  pine  forest  now  remaining. 

from  sale,  public  timber  lands,  the  idea  being  that  the  navy  might 
need  the  timber  in  building  war-ships.  President  Cleveland  with- 
drew some  23,000,000  acres  in  the  western  part  of  this  country — 
"in  the  Rockies."  This  action  was  met  immediately  with  a  storm  of 
disapproval  from  practically  that  entire  section  in  the  west.     Un- 
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fortunately  the  areas  withdrawn  from  sale  were  called  forest  re- 
serves and  the  name  meant  to  the  Westernei  that  it  was  a  region  to 
be  preserved  ;  that  the  trees  were  not  to  be  cut  or  touched  in  any  wa) 
Their  mistaken  idea  was.  that  it  would  probably  be  used  for  a  hunt 
ing  ground  for  the  eastern  sportsman.  When  it  was  found  that 
forestry  meant  the  systematic  harvesting  of  the  crop,  and  that  the 
great  areas  were  not  to  he  left  unproductive;  that  the  forester  went 
through  and  removed  the  slash,  and  that  the  forest  reserves  at  the 
same  time  would  yield  wood  and  preserve  water  for  the  mines  and 
also  the  water  used  in  irrigating  the  plains  for  the  settler,  the  o] 
sition  very  largely  died  out  and  the  work  went  ahead  at  first  slowly, 
hut  straight  along,  proving  it-  value  and  increasing  1  y  leaps  and 
h  unds,  until  to-day  we  have  an  area  of  national  forests  under  the 
control  of  the  government  <<i  [60,000,00  1  acres — a  tremend  >us  area. 
one-  fifth  of  the  total  timber  area  in  the  whole  United  State-:  a-  big 
as  all  Xew  England,  Rhode  Island.  Virginia,  and  part  of  Xorth  ( Caro- 
lina. Still  it  i-  not  a-  large  an  area  a-  this  country  ought  to  have  in 
order  to  feel  safe  from  the  timber  famine  which  i-  apparently  com- 
ing in  the  future. 

You  doubtless  noticed  in  the  papers  that  the  probability  i-.  there 
will  be  a  timber  famine  in  twenty-five  to  thirty  years,  although  some 
of  the  papers  have  laughed  at  the  idea,  hut  if  you  will  talk  with  well 
informed  lumbermen  they  will  tell  you  the  same,— that  the  pine  sup- 
ply of  the  south  is  already  waning  and  will  he  practically  gone  in  thirty 
years  from  now:  that  that  section,  as  far  as  we  can  see.  iu  thirty 
years  will  he  in  the  same  condition  as  the  Lake  State-  are  to-day.  At 
the  same  time  the  great  forest  area  on  the  Pacific  Coast  will  have 
dropped  to  such  a  point  that  it  will  he  absolutely  impossible  t<>  supply 
the  need-  of  this  country,  and  then  we  will  have  come  to  the  time 
when  the  price  of  timber  will  he  very  high,  and  we  must  do  a-  France 
and  Germany  have  done — adopt  conservative  method-  of  cutting. 
So  tin-  country  will  have  to  go  through  a  period  of  15  or  20  years  oi 
waiting  until  the  forests  which  are  now  being  preserved  haw  grown 
up  to  such  a  size  that  they  can  he  cut.  during  that  time  thi-  country 
will  suffer  from  a  timber  famine.  The  [60  million  acre-  can  he 
drawn  upon  very  large!}',  of  course;  and  the  forest  service  i-  work- 
ing with  that  idea  in  mind.  Th<  v  are  nol  forcing  the  sae  of  timber 
in  the  least,  but  instead  are  holding  hack,  but  if  the  forest  service 
wanted  to  do  so,  it  could  increase  its  revenue  in  this  way  very  largely. 
I  would  like  to  impress  upon  you  the  fact  that  the  forester  looks 
upon  this  question  of  the  preservation  of  the  forests  a-  a  vitally  im- 
portant one  to  the  whole  country.  President  Roosevelt  recently  -aid 
that  the  forest  problem  is  the  greatest  problem  before  the  American 
people  of  to-day,  for  without  the  conservation  of  the  forests  there 
can  he  no  irrigation,  and  lack  of  irrigation  seriously  affects  agri- 
culture. At  tiie  conference  in  Washington  when  the}  were  con- 
sidering the  conservation  of  all  the  natural  resources,  the  conserva- 
tion of  streams,  water  power,  etc.. — many  of  the  Governors  of  the 
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various  states  said  that  it  all  came  back  to  the  question  of  forestry, 
for  without  the  protection  of  forests,  navigation  and  irrigation  would 
be  seriously  impaired.  So  you  can  see  that  this  country  is  at  least 
making  a  start,  although  it  has  met  with  bitter  opposition  from  cer- 
tain sections  in  the  west,  where  the  people  have  been  in  the  habit  of 
taking  government  land  and  using  it  for  their  own.  That  sort  of 
thing  has  been  going  on  all  through  the  great  west  and  naturallv 
those  people  do  not  feel  very  pleased  to  have  "Uncle  Sam"  stop 
their  cutting  of  timber  where  they  do  not  own  the  land. 

I  might  say  that  many  of  the  states  in  the  east  have  individually 
taken  up  the  matter  of  conservation  of  the  forests.  The  western 
states  you  will  see  are  largely  provided  for  by  the  national  forests. 
Take  Idaho  with  20.000,000  acres  of  national  forests.  Xaturally 
she  is  not  going  to  establish  any  reserves  of  her  own,  but  the  eastern 
states  have  been  obliged  to  create  many  of  their  forest  reserves. 
New  York  state  takes  the  lead  and  has  1.500.000  acres  in  the 
Adirondack's  and  Catskills.  They  were  acquired  in  the  first  place 
to  protect  the  head  waters  of  the  Hudson  River.  The  demand  came 
from  the  owners  of  the  steamboat  lines  on  the  Hudson  River,  as  the 
water  was  getting  too  low  for  navigation.  Xext  in  order  is  Pennsyl- 
vania with  700.000  acres,  and  that  is  small  in  comparison  to  what 
Pennsylvania  ought  to  have.  I  am  glad  to  say  that  Wisconsin  ranks 
third  with  an  area  of  forest  reserves  of  300,000  acres,  and  this 
brings  m.e  to  what  I  have  to  say  in  regard  to  the  work  that  is  being 
done  in  my  own  state. 

As  your  President  has  said,  the  forestry  work  in  Wisconsin  is  only 
about  four  years  old.  The  law  was  passed  in  1903  and  the  opposi- 
tion of  the  lumber  companies  is  just  dying  out;  that  is  the  trouble, 
they  do  not  call  in  the  forester  until  the  patient  is  very,  very  ill. 
The  question  often  asked  is  how  much  land  are  we  planting — as 
though  that  was  all  the  forester  had  to  do.  That  is  not  the  true 
function  of  the  forester.  His  real  work  is  to  take  a  timber  tract  and 
handle  it  so  that  it  will  always  produce  successive  crops  of  timber. 
The  forests  of  Wisconsin  had  gotten  into  very  bad  condition  before 
the  lumbermen  were  willing  to  have  the  matter  taken  in  charge. 
They  did  not  want  to  have  anybody  interfering  with  their  business 
in  the  northern  part  of  the  state.  In  recent  years  especially  during 
the  term  of  President  Roosevelt  the  interest  taken  in  forestry  has 
been  enormous,  and  Wisconsin  now  has  by  far  the  best  forest  laws. 
In  the  fir>t  place  our  Board  is  composed  of  five  men  not  active  in 
politics,  so  that  the  matter  is  absolutely  free  from  political  influence. 
The  chairman  of  the  Board.  Mr.  Van  Hise,  is  President  of  the  Uni- 
versitv  of  Wisconsin  Two  other  members  of  the  Board  are  also 
connected  with  that  University.  Consequently  that  will  block  any 
adverse  action  by  the  Legislature  in  the  future.  All  lands  owned 
by  the  state  in  the  northern  part  of  Wisconsin  are  now  included  in 
the  forest  re>erves  and  the  Board  is  authorized  to  sell  the  scattering 
and  agricultural  lands  and  to  purchase  with  the  proceeds  of  such 
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sales,  which  are  placed  in  a  forest  reserve  fund,  other  lands  which  are 
deemed  suitable  as  additions  lo  the  forest  resi 
of  the  sale  of  all  timber,  in  fact  evm  grass  and  cranberries,  go  into 
the  forest  reserve  fund,  and  thus  we  can  continue  to  buy  more  land 
just  where  it  will  do  the  most  good.  This  is  the  same  plan  which  has 
built  up  the  great  work  of  the  Reclamation  Service  and  is  an  ex- 
tremely important  feature  of  our  forestry  law.  as  it  largel)  obviates 
the  necessity  of  asking  for  appropriations  and  will  in  time  place  the 
department  on  a  self-supporting  basis. 

The  United  States  has  given  20,000  acres  to  Wisconsin  as  an  addi- 
tion to  the  forest  reserves,  and  in  the  same  way  the  scattered  and 
agricultural  lands  in  this  grant  may  be  sold  with  the  consent  of  the 
Secretary  of  the  Interior,  and  the  proceeds  used  in  reforesting  the 
burnt  and  denuded  lands  of  the  forest  reserve.  Another  provision 
of  the  law  allows  us  to  purchase  lands  which  are  forfeited  to  the 
counties  for  non-payment  of  taxes.  As  you  probably  know,  the  old 
custom  was  for  the  lumbermen  to  go  in  and  strip  the  land  of  the  tim- 
ber, leaving  a  barren  tract,  let  the  lands  revert  to  the  county,  and  then 
the  county  in  turn  would  sell  it  to  anybody  who  would  pay  from  20 
to  25  cents  an  acre  for  it.  In  that  way  hundreds  of  thousands  of 
acres  fell  into  the  hands  of  speculators,  but  under  the  present  law  the 
forestry  Board  is  given  the  first  chance  to  purchase.  At  the  last 
session  of  the  Legislature  another  section  was  added  to  the  law,  pro- 
viding that  a  person  wdio  plants  forty  acres  with  forest  trees  shall 
be  exempt  from  all  taxes  on  the  land  for  a  period  of  thirty  years. 
This  law  is  but  the  entering  wedge  and  we  hope  in  time  to  exempt 
all  growing  timber  from  taxation,  provided  it  is  listed  with  the  state 
and  managed  according  to  forestry  regulations.  You  will  find  that 
our  forests  are  being  taxed  to  death,  that  the  owner  is  often  com- 
pelled to  destroy  his  forests  or  be  financially  destroyed  by  the  assessor, 
particularly  if  he  be  a  non-resident  owner.  Forests  are  crops,  and  in 
common  justice  they  should  be  taxed  as  such.  Our  crude  system 
for  the  taxation  of  timber  lands  kills  the  goose  that  lays  the  golden 
egg,  for  not  only  does  it  put  a  premium  on  fore>t  destruction,  but  it 
as  sUrely  destroys  the  industries  dependent  upon  timber  for  raw 
material.  Space  prevents  my  going  into  this  most  important  matter 
more  in  detail,  but  I  think  that  when  this  question  of  taxation  has 
been  decided  justly  and  fairly  the  state>  must  step  in  and  in  return 
for  making  forestry  a  practical  business  proposition  for  the  indi- 
vidual, sav  to  him  just  how  and  in  what  manner  he  may  cut  this 
timber.  You  have  doubtless  noticed  in  the  papers  that  the  Supreme 
Court  of  Maine  is  of  the  opinion  that  the  Legislature  has  a  perfect 
right  to  do  this  under  the  general  police  powers  of  the  state  and  for 
the  protection  of  all  its  citizens. 

As  you  will  realize,  another  very  important  question  in  connection 
with  forestrv  is  the  prevention  of  forest  fires,   for  unless   we  can 
prevent  fires',   forestry  will  not  be  practicable.     Probably  not  1 
40%  of  the  magnificent  forests  which  only  a  few  years  ago  covered 
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Northern  Wisconsin  ever  were  utilized,  for  the  rest  went  up  in 
smoke  and  the  carelessness  and  indifference  of  our  people  to  the 
appalling  loss  from  forest  fires  is  a  dark  blot  on  our  civilization.  In 
order  to  extinguish  forest  fires  and  to  prevent  them  as  much  as  possi- 
ble, we  have  over  three  hundred  fire  wardens  in  the  northern  part  of 
the  state,  and  now  the  railroads  and  large  lumber  companies  are  co- 
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After   the   "Lumber  Jacks"   comes  the  fire  and  lays  the  land  desolate. 

operating  with  us  to  protect  this  region.  Our  forest  reserves  of 
300,000  acres  we  hope  to  increase  within  a  few  years  to  from  2,500,- 
000  to  3,000,000  acres,  and  probably  nearly  all  of  this  must  be  ac- 
quired by  purchase. 

The  three  main  objects  of  forestry  in  Wisconsin  are  as  follows: 
(  1  )  To  conserve  by  wise  use  the  timber  on  the  headwaters  of  the 
important  rivers,  thus  protecting  and  improving  the  navigability  of 
the  streams  and  the  valuable  water  powers.  (2)  To  supply  from  the 
forest  reserves  a  considerable  part  of  the  timber  needed  by  the  wood 
using  industries  of  the  state.  (3)  To  protect  the  beautiful  lake 
region  of  Northern  Wisconsin  as  a  great  resort,  not  only  for  the 
people  of  Wisconsin,  but  the  whole  Mississippi  valley.  The  first 
object,  as  it  includes  the  protection  of  the  great  river  systems  of  our 
state,  is  by  far  the  most  important.  We  have  no  coal  deposits  in 
"\\  isconsin  and  in  future  we  must  look  to  the  water  powers  for  the 
energy  to  be  used  in  running  factories,  lighting  our  cities,  etc.  In 
two  counties,  Vilas  and  Oneida,  there  are  over  1,200  lakes,  probably 
more  than  in  any  equal  area  in  the  United  States.  In  this  region 
most  of  the  important  rivers  of  the  state  rise,  and  we  are  working  to 
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concentrate  the  forest  reserves  here  so  that  the  stream  flow  may  be 
held  even  and  constant.  In  this  connection  I  will  explain  the  reser 
voir  bill,  which  was  passed  at  the  last  session  of  our  Legislature,  for 
as  far  as  I  know  nothing  similar  has  been  done  in  any  other  state 
and  I  think  it  will  be  of  interest  to  a  society  of  engineers.  There 
is  a  provision  in  the  Constitution  of  Wisconsin  that  the  state  cannot 
enter  into  internal  improvements,  and.  therefore,  the  state  cannot 
build  reservoirs  at  the  headwaters  of  our  rivers  to  regulate  tin-  flow, 
with  state  funds.  But  in  [907  the  Wisconsin  Valley  Improvement 
Company  was  given  a  charter  by  the  state  to  establish  reservoirs  on 
the  headwaters  of  the  Wisconsin  river,  under  the  direct  supervision 
and  control  of  the  State  Board  of  Forestry,  and  the  Public  Utilities 
Commission.  The  Forestry  Board  ha-  control  of  the  held  work  of 
•the  company,  as  they  must  approve  the  building  of  all  dam-,  includ- 
ing the  height,  amount  of  land  to  he  overflowed,  and  also  the  time 
and  manner  in  which  the  water  shall  be  drawn  off.  Here  the  1'nblic 
Utilities  Commission  steps  in  and  fixe-  the  tolls  which  the  company 
may  charge  to  the  user-  of  water  power,  which  the  law  specifies  -ball 
not  be  more  than  sufficient  to  pay  <>',  dividend-  on  the  cash  capital 
actually  paid  in.  The  bill  further  provides  that  any  new  reservoir 
shall  not  be  built  out  of  the  net  earnings  but  from  new  capital  stock, 
and  that  as  new  water  powers  are  developed  there  -hall  lie  issued  t" 
the  owner-  their  pro-rata  amount  of  stock  so  that  all  will  have  an  in- 
terest in  the  work.  At  present  the  reservoirs  are  storing  about 
2,600.000  cubic  feet  of  water  and  this  will  be  increased  about 
1.000.000  cubic  feet  this  year.  During  the  summer  month-  the  law 
provides  that  the  water  in  the  lakes  shall  not  be  drawn  down  so  a-  to 
lessen  the  value  of  the  lake-  for  resort  purposes,  but  during  the  win- 
ter months,  of  course,  there  is  no  objection  to  the  water  being  drawn 
very  low.  for  the  lakes  will  then  be  filled  up  witli  the  spring  freshets 
and  thus  greatly  lessen  the  damage  by  floods  on  die  lower  Wiscon- 
sin. The  law  has  been  in  effect  only  since  [907,  hut  the  reservoirs 
which  have  already  been  established  have  been  sufficient  to  incr 
the  horse  power  on  the  Wisconsin  river  over  20%,  and  from  the 
reservoirs  which  can  be  built  we  expect  to  more  than  treble  that. 
The  theoretical  amount  of  horse  power  Upon  the  Wisconsin  river 
is  151.000.  but  the  actual  horse  power  used  is  only  7  that  we 

have  developed  only  half  the  horse  power  on  the  Wisconsin;  and 
upon  most  of  our  river-  the  proportion  i-  even  less.  The  forest 
reserve-  and  the  reservoirs  supplement  each  other  in  making  the 
stream  flow  steady  and  constant,  and  certainly  engineers  will  appre- 
ciate how  enormously  this  will  add  to  the  value  of  our  water  power- 
in  Wisconsin.  There  is  hearty  and  complete  co-operation  between 
the  state  and  the  reservoir  company  and  personally  1  feel  that  even 
if  the  state  had  the  power  to  build  the  reservoirs,  it  would  be  better 
to  have  the  men  who  are  directly  interested  to  do  so,  and  that  the  very 
broad  control  of  the  work  which  the  state  now  ha-,  i-  sufficient  to 
safe-guard  the  interests  of  all.     As  I  have  stated,  1  do  not  know  of 
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any  similar  legislation  in  this  country  and  I  feel  that  it  is  but  the  be- 
ginning of  the  great  work  of  protecting  our  water  powers.  It  is 
hoped  that  in  time  the  state  will  own  a  large  enough  area  of  timber- 
land  within  it>  reserves  to  assure  many  working  industries  a  perma- 
nent supply  of  raw  material. 


When  the  forests  are  removed  on  the  headwaters  of  the  streams — then 

floods  follow. 

The  third  object  of  the  forest  reserves,  to  provide  a  great  and 
attractive  resort,  is  also  important  as  it  will  mean  a  large  and  in- 
creasing revenue  to  the  people  of  that  section.  The  tourist  business 
in  the  Adirondack  Mountains  of  New  York  amounts  to  over  $10,000,- 
000  a  year,  and  our  beautiful  lake  region  in  Xorthern  Wisconsin 
already  draws  thousands  of  visitors,  many  of  whom  come  from  as 
far  south  as  Xew  Orleans. 

In  conclusion  I  wish  to  say  that  Wisconsin  has  lost  enormously 
by  her  failure  to  create  a  department  of  forestry  many  years  ago, 
as  then  the  state  lands  would  have  been  managed  under  forestry 
regulations  instead  of  being  sold  as  they  were  for  a  song  and  then 
stripped  of  their  timber  and  left  nearly  a  barren  waste.  The  state 
can  never  fully  recover  this  great  loss,  but  a  start  has  been  made 
that  will  protect  our  great  rivers  and  give  us  a  supply  of  timber  in 
the  future. 

DISCUSSION. 

President  Loweth:  The  speaker  was  much  impressed  with  the 
author's  remarks  about  the  determined  and  intelligent  effort  being 
made  in  many  countries,  especially  in  China,  not  only  to  conserve 
the  forests,  but  to  grow  new  ones. 
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Surely  this  country  ought  not  to  show  less  foresight  and  considera- 
tion for  its  future  welfare. 

Mr.  E.  N.  Layficid.  m.w.s.k.:  I  think  Mr.  Griffith  has  made  it 
very  clear  to  us  why  we  should  preserve  our  forests.  1  would  a-k 
him  to  give  us  the  benefit  of  his  ideas  on  the  question  of  the  second 
growth  timber.  We  ordinarily  regard  second  growth  timber  as  very 
poor  stuff,  and  1  haven't  a  very  clear  idea  of  what  this  new  timber 
is  going  to  be.  This  new  cultivated  second  growth  t'mber  would 
no  doubt  he  entirely  different  from  our  ordinar)  sec  >nd  growth,  and 
I  think  it  would  interest  us  to  have  Mr.  Griffith  go  into  th's  phase 
of  the  matter. 

Mr.  Griffith:  In  answer  to  that  question  I  will  say  that  the  only 
reasi  n  second  growth  timber  has  a  had  name  at  present,  is  because 
no  timber  has  been  grown  systematically  in  this  country.  The  first 
growth  timber,  we  had.  as  you  know,  is  a  case  of  the  "survival  of  the 
fittest."  The  virgin  trees  which  had  stoi  d  in  the  forests  for  many 
many  years  had  grown  close  together,  and  consequently  without 
limbs  and  without  knots.  The  lumberman,  when  he  gets  through 
cutting,  leaves  an  enormous  amount  of  slash  on  the  ground  and 
fires  burn  through  it.  The  young  growth  starts  up,  but  not  in  any 
order,  and  the  natural  inclination  is,  as  it  comes  up  to  throw  out 
limbs,  and  these  limbs  often  extend  down  to  the  ground.  However, 
when  the  trees  are  grown  close  together  they  cannot  throw  out  such 
limbs  and  the  result  is  a  much  finer  timber  than  has  ever  been  grown 
in  the  world.  The  finest  timber  I  think  is  found  in  Germany. 
That  kind  of  timber,  of  course,  has  got  to  come  slowly  in  this 
country. 

The  railroad  companies  are  becoming  alarmed  as  to  where  their 
ties  are  to  come  from.  They  are  already  paying  high  prices  for 
timber.  One  fortunate  thing  about  this  matter  is.  however,  that 
it  has  been  found  by  creosoting  ties  with  a  solution,  the  poorer  the 
timber  for  manufacturing  purposes,  the  more  porous  it  is.  the  better 
it  is  for  the  creosoting  treatment  and  also  for  the  duration  of  the 
ties.  It  has  been  found  that  certain  kinds  of  pine-  to  be  found  in 
Xorthern  Wisconsin  made  into  ties  and  so  treated,  will  la-t  about 
as  long  as  60  or  70c  white  oak  ties.  Those  pine  trees  naturally  take 
the  treatment  more  thoroughly  and  it  is  easier  to  distribute  the 
solution  all  through  the  wood,  whereas  in  the  bard  white  oak  tie-  it 
i-  difficult  to  secure  perfect  impregnation.  Consequently  the  de- 
mand for  the  second  growth  timber  is  going  to  be  enormous  from  the 
railroad  companies. 

Mr.  W.  L.  Abbott,  m.w.s.k.:  About  thirty  years  ago  a  law  was 
passed,  enabling  settlers  to  take  up  Gevernment  land  and  get  a  title 
to  the  same  by  means  of  tree  claims.  That  i-.  if  the  settler  would 
plant  tree-  upon  a  portion  of  the  land  so  taken  up.  he  would,  in  c<  1 
of  time,  acquire  a  title  to  the  whole  tract  of  land.  I  am  not  positiv 
to  the  exact  provisions  of  this  law  but  as  T  now  recollect  it.  if  the 
settler  planted  trees  on  forty  acres  of  land,  he  might  acquire  a  title 
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to  eighty  acres,  or  possibly  double  that  amount.  This  scheme  was 
very  popular  with  the  settlers  so  long  as  it  lasted,  for  it  enabled  them 
to  get  a  good  deal  more  land  than  they  could  otherwise  have  pre- 
empted and  they  found  that  as  soon  as  they  had  acquired  a  title  to  the 
land  under  a  tree  claim,  it  was  not  a  difficult  thing  to  cut  down  those 
trees,  grub  out  the  stumps,  and  plow  the  whole  land.  In  other 
words,  the  land  was  considered  too  valuable  to  be  used  for  timber 
purposes. 

.Mr.  Griffith  referred  to  regulations  of  the  Wisconsin  Forest 
Service  which  grant  the  privilege  of  acquiring  cut-over  land  ana 
selling  off  the  agricultural  land.  I  am  interested  to  know  how  he 
distinguishes  between  agricultural  land  and  forest  land,  and  also  at 
what  value  it  is  considered  not  profitable  to  use  the  land  for  forest 
rather  than  agricultural  purposes. 


Cutover  lands,  restocking  with  white  and  Norway  pine. 


Mr.  Griffith:  In  answer  to  Mr.  Abbott'-  fir>t  question  I  will  say 
that  in  some  cases  it  is  a  close  question  as  to  what  i-  agricultural  land 
and  what  is  more  suitable  for  forest  growth.  One  of  the  members 
of  our  Board  is  connected  with  the  State  Agricultural  Department, 
and  he  was  appointed  with  the  idea  that  he  could  assist  us  in  making 
the  distinction,  but  so  far  we  have  had  little  difficulty  in  that  direc- 
tion. In  Oneida  and  Vilas  counties  there  are  great  pineries,  ana 
where  there  are  many  pine  trees  one  can  be  very  sure  of  a  sandy 
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soil.  In  that  region  the  soil  is  white  -and.  and  being  so  far  north  it  is 
not  considered  good  agricultural  land.  Sometimes  there  is  a  clay 
mixed  in  it  where  a  man  can  farm,  but  just  how  far  they  ran  go 
by  making  that  soil  productive,  we  do  n<a  know,  but  so  far  it  is  pretty 
safe  to  say  that  most  of  that  land  is  more  valuable  i"<t  timber  than 
for  crop-. 

Referring  to  .Mr.  Abbott's  second  question,  a-  to  what  value 
it  is  considered  not  profitable  to  use  the  land  for  forest  rather  than 
agricultural  purposes,  I  will  say  that  we  have  studied  that  matter  a 
g0<  d  deal  and  have  finally  concluded  that  no  land  of  a  value  to  ex- 
ceed $10.00  per  acre  should  he  planted  with  tree-.  I  p  in  our  farm- 
ing country,  however,  where  a  good  deal  of  the  land  is  worth  S_><  >o.oo 
an  acre,  many  farmers  want  to  plant  a  good  deal  of  the  land  with 
trees.  They  figure  out  that  in  the  future  they  will  get  more  for  their 
land  with  tree-  on  it  than  without  them.  They  think  it  is  better  for 
them  to  have  a  little  wood  lot  by  which  they  can  he  independent. 
But,  as  I  -aid  above,  we  think  a  man  should  not  plant  tret-  on  land 
worth  more  than  $10.00  an  acre. 

.1/;-.  Abbott:  How  long  doe-  it  take  to  raise  a  marketable 
crop  of  pine ': 

Mr.  Griffith:    The  age  limit  is  decreasing  as  the  demand  incr 
It  usually  take-  about  thirty  years.     We  get  about  6-inch  sticks  in 
thirty  years. 

.1//'.  Layfield:  What  is  the  shortest  period  it  will  take  to  grow  a 
full  size  large  tree  ? 

Mr.  Griffith:  It  take-  150  Near-  for  that  old  pine  that  is  being  cut 
in  Xorthern  Wisconsin.  That  fine  class  of  timber  cannot  be  pro- 
duced in  a  hurry.  President  Roosevelt  has  very  well  said  that  the 
length  of  the  timber  famine,  when  it  comes,  will  he  marked  by  the 
slow  growth  of  the  trees  themselves. 

Mr.  Layfield:  How  long  have  those  trees  in  Germany  been  grow- 
ing?    When  was  this  system  started  in  Germany? 

Mr.  Griffith:  It  has  been  in  operation  now  nearly  300  years.  The 
forests  are  sometimes  run  on  a  300  years  rota' 

Mr.  Abbott:     How  many  feet  of  lumber  would  they  get  per  year? 

Mr.  Griffith:  They  get  an  enormous  amount,  and  much  heavier 
than  anything  we  know  of  for  the  same  species.  It  often  runs  from 
70.000  to  100.000  feet  per  acre,  and  the  trees  are  often  90  to  100  feet 
to  the  first  limb. 

Mr.  Layfield:  That  300  year  period  could  be  much  reduced,  could 
it  not  ? 

Mr.  Griffith:  Yes,  I  presume  some  reduction  in  time  could  be 
made. 

A  Visitor:     What  is  the  situation  in  Michigan? 

Mr.  Griffith:  Michigan  has  been  in  a  peculiar  situation,  and  poli- 
tics has  played  an  important  part.  The  northern  lands  were  sold  to 
speculators.  The  speculators  would  take  an  acre  and  cut  it  up  into 
15  or  2d  lot-  and  sell  these  lots  at  Si.<«>  apiece.    Thousands  of  those 
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lots  have  been  bought  and  the  owner  would  pay  $1.00  apiece.  Then 
the  land  would  lapse  to  the  state,  requiring  more  work  in  the  land 
office,  more  clerical  labor,  etc.,  etc..  until  in  Saginaw  last  year,  at  the 
forestry  conference,  it  was  shown  that  Michigan  has  spent  an  enor- 
mous sum  in  selling  their  state  lands,  and  has  today  several  thousand 
acres  more  than  she  started  with.  At  the  last  session  of  the  legis- 
lature a  Board  of  nine  members  were  appointed  who  are  studying 
the  whole  question  of  Michigan's  land  policy,  and  I  imagine  when 
Michigan  starts,  she  will  start  with  a  bound.  She  has  now  six  million 
acres  of  land  which  have  reverted  to  the  state  for  non-payment  of 
taxes. 

Mr.  Layfield:  In  reforesting,  is  it  the  idea  to  always  reforest  with 
the  same  species  of  trees  as  originally  grew  there? 

Mr.  Griffith:  They  must  select  a  species  best  suited  for  that  local- 
ity and  soil. 

Mr.  Layfield:  I  suppose  you  might  put  some  timber  in  a  certain 
locality  more  valuable  than  that  which  grew  there  originally,  and 
which  had  never  been  grown  in  that  neighborhood  before? 

Mr.  Griffith:  In  Wisconsin  we  are  going  to  grow  white  spruce 
where  the  land  never  produced  that  kind  of  timber  before. 

Mr.  W.  B.  Jackson,  m.w.s.e.  :  If  I  understood  correctly,  Mr. 
Griffith  stated  that  the  forest  work  in  Northern  Wisconsin  had  al- 
ready increased  the  actual  water  power  of  the  river  about  20  per 
cent. ;  in  other  words,  one-fifth.  That  means  a  tremendous  gain  for 
Wisconsin  and  at  once  shows,  to  a  certain  extent,  the  great  value  of 
the  forest  development  in  the  state.  I  would  ask  Mr.  Griffith  if  he 
has  figured  upon  what  will  be  the  ultimate  effect  on  the  Wisconsin 
river  when  everything  they  can  do  in  the  line  of  forest  preservation 
and  reservoirs  is  completed? 

I  was  also  much  interested  in  the  statements  regarding  the  reser- 
voirs being  built  in  the  northern  part  of  the  state,  which  I  presume 
at  the  present  time  are,  to  a  large  degree,  embryonic.  I  believe  it 
was  stated  that  the  present  capacity  is  2,600,000,000  cubic  feet  of 
water  at  the  present  time.  I  would  be  interested  to  know  what  is 
figured  the  capacity  of  the  reservoirs  at  the  head  of  the  Wisconsin 
river  is  likely  to  be  when  all  practicable  reservoir  sites  have  been 
developed  ? 

This  whole  subject  is  one  of  such  immediate  interest  to  the  engi- 
neers and  has  been  presented  so  admirably  by  Mr.  Griffith,  that  I  feel 
it  must  have  been  through  a  sense  of  modesty  that  he  said  he  won- 
dered why  the  engineers  were  so  much  interested  in  forestry. 

Mr.  Griffith:  In  regard  to  the  ultimate  effect  on  the  Wisconsin 
river,  we  have  not  been  able  to  figure  on  that  at  all.  When  I  say 
"we,"  I  mean  the  State  Board  of  Forestry.  What  we  have  done, 
is  to  establish  dams  upon  nine  different  lakes  at  the  head  waters  of 
the  Wisconsin  river.  Those  nine  lakes  now  give  us  a  storage  ca- 
pacity of  2.900,000.000  cubic  feet,  and  we  hope  to  increase  that  this  • 
vear  bv  1  .oco.000.000  cubic  feet. 
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In  regard  to  the  increase  in  water  power  of  the  river  of  20  per 
cent.,  my  authority  for  that  statement  is  the  hydraulic  engineer,  and 
the  men  who  paid  the  tolls  have  satisfied  themselves  it  is  correct.  As 
far  as  we  can  see  from  the  reservoirs  which  we  will  get  -and  in 
some  of  those  reservoirs  it  is  going  to  be  expensive  to  acquire  all 
the  land — but  when  we  get  those  which  we  already  know  of,  we 
expect  to  increase  each  horse  power  at  least  60  per  cent,  on  the  V\ 
consin  river,  and  that  does  mean  a  great  deal  to  the  state  of  Wiscon- 
sin. That  is  perhaps  not  so  important  as  to  insure  to  the  whole  state 
of  Wisconsin  that  those  water  powers  are  going  to  be  permanent. 

President  Loweth:  The  author's  referer.ee  to  the  storage  res 
voirs  at  the  headwaters  of  the  Wisconsin  river  reminds  the  speaker 
of  the  several  similar  reservoirs  in  the  headwater-  of  the  Mississippi 
river.  These  were  built  by  the  Federal  Government,  about  twenty- 
five  years  ago,  as  a  part  of  a  plan  for  the  improvement  of  the  Upper 
Mississippi  river  for  purposes  of  navigation.  They  were  made  by 
damming  the  outlets  of  several  large  lakes  at  the  headwater-  of  the 
river  in  Northern  Minnesota,  and  were  intended  to  retain  a  large 
portion  of  the  flood  waters,  and  by  releasing  these  during  the  seas  ins 
of  ordinary  low  flow  to  materially  increase  the  depth  of  low  water  in 
the  navigable  portions  of  the  upper  river.  The  speaker  thinks  these 
works  were  built  for  no  other  purpose  than  for  the  improvement  of 
navigation,  and.  if  his  memory  is  correct,  that  thev  have  not  proven 
as  efficient  for  the  purpose  intended  as  was  anticipated,  and  that 
other  means,  principally  wing  dams,  contributed  more  to  the  value 
of  the  river  for  commerce  than  did  these  reservoirs. 

The  reservoirs,  have,  however,  been  of  much  benefit  in  other  ways  : 
doubtless  in  reducing  the  extreme  height  of  floods,  in  making  a 
higher  average  of  summer  flow,  thus  aiding  in  the  driving  of  logs  to 
the  numerous  mills  lower  down  the  river,  and  in  increasing  the  mini- 
mum power  in  the  ten  or  a  dozen  large  waterpower  develop. rent-  in 
and  above  Minneapolis.  Recently  an  effort  was  made  by  interests 
claiming  to  be  adversely  affected  by  the  great  extent  of  low  land- 
flooded  and  otherwise  rendered  valueless  by  these  reservoirs,  to  have 
them  abandoned.  This  move  was  strongly  opposed  by  various  inter- 
ests adjoining  the  river  below  the  reservoir-,  especially  by  the  - 
eral  large  water  power  interests,  and  after  an  investigat'i  n  by  a 
commission  of  United  States  Army  Engineers,  appointed  for  the 
purpose,  the  abandonment  of  the  reservoirs  was  advers  rted 

upon:  largelv.  if  the  speaker's  memory  is  correct,  on  account  of  their 
general  benefit. 

Any  one  acquainted  with  the  lumber  industries  of  Northern  Michi- 
gan, Wisconsin  and  Minnesota,  for  on  »rt  a  period  as  twenty 
vear-  past,  on  looking  over  the  situation  today,  must  keenly  realize 
how  sjreat  has  been  the  destruction  of  our  for* 

The  Chicago.  Milwaukee  &  St.  Paul  Railway,  with  which  the 
speaker   is   connected,   taps   those    sections   of   th<  tates,    winch 

twenty  to  twenty-five  years  ago  were  covered  with  virgin  f 
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the  finest  timber  grown,  and  was  able  to  draw  all  its  supplies  for 
bridge,  building  and  ear  construction  from  mills  on  or  near  its  own 
lines :  but  today,  with  a  consumption  of  perhaps  70,000,000  feet 
board  measure  of  sawed  lumber,  not  more  than  about  20  to  25  per 
cent,  can  be  obtained  from  these  same  sections,  and  that  of  not  nearly 
as  good  quality  :  the  balance  must  be  brought  from  the  South  and  the 
Pacific  Coast,  the  latter  source  more  and  more  predominating. 

./.  Bement,  m.w.s.e.  :  (By  letter.)  Not  only  is  it  fortunate  that 
this  society  of  engineers  has  had  this  vital  subject  of  Forestry  so 
well  presented  before  it,  but  the  occasion  is  most  significant  as  affect- 
ing the  welfare  of  the  community  in  general.  The  impetus  given  this 
matter  by  President  Roosevelt,  and  the  participation  in  its  considera- 
tion by  engineering  societies  as  well  as  other  bodies  which  come  more 
directly  in  contact  with  the  industries  of  the  country,  insures  that  the 
people  in  general  will  realize  the  advantage  and  necessity  of  proper 
cultivation  and  preservation  of  forests.  In  this  connection  the  fact 
that  the  work  of  the  American  Forestry  Association  is  bearing  such 
excellent  fruit,  should  not  be  overlooked.  To  the  average  citizen, 
the  most  important  benefit  to  be  derived  from  forestry  is  usually 
considered  that  of  timber  supply,  although  I  am  not  sure  but  this  is 
the  one-  of  least  importance,  because  reinforced  concrete  and  metal 
have  been  substituted  for  wood,  even  to  the  extent  of  construction  of 
roofs  and  furniture.  Thus  we  can  conceive  of  the  possibility  of  doing 
entirely  without  timber,  because  our  natural  mineral  reserves  are  so 
much  greater  than  any  amount  of  timber  of  which  we  can  imagine 
as  being  available.  To  my  mind,  the  must  important  necessity  for 
forestry  maintenance  and  development,  is  that  of  agriculture  and  the 
preservation  of  rivers  and  streams.  It  is  only  necessary  to  take  into 
consideration  the  author's  excellent  lantern  slide  views  showing  con- 
ditions in  China,  brought  about  by  the  almost  total  extinction  of 
forests,  to  prove  that  it  would  not  take  very  long  after  their  dis- 
appearance for  a  rich  agricultural  country  to  become  practically  a 
desert,  as  has  actually  transpired  in  portions  of  China.  Thus  while 
we  nr'ght  get  along  without  timber,  we  could  not  exist  without  food. 

As  affecting  the  rivers,  relative  to  navigation,  it  is  not  necessary, 
although  desirable,  that  we  avail  ourselves  of  the  opportunity  af- 
forded by  them  for  transport,  because  there  is  another  satisfactory 
method,  than  by  railways.  Regarding  the  matter  of  water  power 
however,  if  the  stream  supply  fails  the  power  is  lost,  while  with 
transportation,  in  case  of  stream  failure  we  resort  to  the  railroad,  and 
I  believe  that  this  danger  is  seldom  taken  into  consideration  in  con- 
nection with  development  of  water  power  projects. 

Mr.  E.  E.  R.  Tratman,  m.w.s.e.  :  (  By  letter.)  One  of  the  impor- 
tant points  suggested  by  Mr.  Griffith  is  that  of  the  reliability  of  water 
supply  for  power  purposes.  During  the  past  few  years  there  has 
been  a  remarkable  development  in  the  utilisation  of  water  power, 
and  it  is  most  important  that  the  estimated  capacity  should  be  main- 
tained.    In  many  cases,  this  is  hardly  practicable  except  by  methods 
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of  storing  or  holding  back  the  flood  water-.  This  has  some  bearing 
upon  the  reputation  of  the  engineers  of  the  plants.  In  one  particular 
case,  an  engineer  was  severely  criticised  because  a  plant  did  not  have 
sufficient  water  supply  to  develop  it-  rated  capacity  at  all  times.  It 
seems  not  unlikely  that  a  study  of  the  run-off  data  and  other  records 
may  have  warranted  the  assumption  of  a  steady  supply,  but  thai  de- 
forestation on  the  drainage  area  may  have  so  changed  the  conditions 
as  to  produce  alternations  of  flood  and  low  water  in  the  stream. 
Under  such  conditions  additional  works  may  be  necessary,  in  the 
form  of  reservoirs  to  hold  back  the  Hood  water-  for  use  during  low- 
water  periods. 


SPECIAL  CONCRETE  STRUCTURES  IN  THE  HUDSON  RIVER  TUNNELS 

W.  M.  Torrance,  m.w.s.e. 

Read  April  i,  1908. 

A  very  important  part  of  the  final  subway  railroad  system  of  the 
Metropolitan  district  of  New  York  is  that  now  under  construction 
by  the  Hudson  Companies. 

A  plan  of  this  system  as  at  present  authorized  and  under  way 
is  shown  in  Fig.  1.  The  portion  from  the  Hoboken  terminal  to 
Nineteenth  street  and  Sixth  avenue,  New  York  City,  has  been 
completed  and  was  opened  with  formal  ceremonies,  February  25th, 
of  the  present  year.  As  shown  by  this  drawing,  there  are  two  sets 
of  double  tunnels  under  the  river,  which  are  connected  on  the  New 
Jersey  side.  The  upper  set  reaches  from  the  foot  of  Fifteenth 
street,  Jersey  City,  to  the  foot  of  Morton  street,  New  York  City 
and  thence  up  Christopher  street  and  Sixth  avenue  to  stations 
corresponding  with,  and  almost  directly  underneath,  those  of  the 
Sixth  avenue  and  Ninth  avenue  Manhattan  elevated  railroads.  A 
branch  extends  to  Astor  Place  and  has  a  passage-way  connection 
with  the  Astor  Place  station  of  the  New  York  Subway.  The  lower 
set  of  tunnels  makes  a  loop  on  the  New  York  side  at  Church  street 
between  Cortlandt  and  Fulton  streets,  where  twin  terminal  buildings 
extend  from  one  to  two  stories  below  the  subway  tunnel  track  level 
(80  or  more  feet  below  the  street)  to  twenty-two  stories  above 
the  street. 

This  tunnel  system  was  started  in  1874,  a  shaft  being  sunk  at 
the  foot  of  Fifteenth  street,  Jersey  City,  in  that  year.  Tunnel  con- 
struction from  this  shaft  eastward  and  from  a  shaft  at  the  foot  of 
Morton  street.  New  York  City,  westward  was  carried  on  during 
the  years  1881  and  1883,  when  cessation  of  work  was  caused  by  a 
lack  of  funds.  The  work  built  at  that  time  had  brick  walls  about 
thirty  inches  thick  with  a  thin  iron  casing,  and  was  constructed  by 
the  "pilot  tunnel"  method — a  6  foot  pilot  being  used.  A  total  of 
about  2,000  feet  of  the  northern  tunnel  and  600  feet  of  the  southern 
tunnel  was  finished  at  that  time  from  the  New  Jersey  shaft,  only  a 
small  amount  of  work  having  been  done  from  the  New  York  end. 

In  1890  the  construction  work  was  continued  by  an  English  com- 
pany, with  S.  Pearson  &  Sons,  contractors ;  this  time  by  use  of  the 
hydraulic  power  shield  method,  using  cast  iron  rings.  This  was  the 
first  large  tunnel  on  which  this  method  of  construction  was  adopted. 
In  1891  the  work  was  again  abandoned  on  account  of  lack  of  funds, 
after  the  northern  tunnel  had  been  extended  1,700  feet  further  toward 
New  York. 

In  1900,  Mr.  Charles  M.  Jacobs,  an  English  engineer  of  wide  ex- 
perience in  difficult  tunnel  work,  made  a  careful  survey  and  detail 
examination  of  the  work,  and  in  1902,  the  present  company  (Hudson 
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Companies),  with  Mr.  Jacobs  as  Chief  Engineer,  began  operations. 
They  found  the  shield,  abandoned  at  the  heading  in  1891,  in  good 
condition  and  completed  the  tunnel  to  Morton  street.  New  York,  on 
March  1  1.  t<)Oj.,  using  the  old  shield. 

On  September  22,  [905,  the  present  company  also  completed  the 
southern  tunnel,  this  bore  being  tr  m  end  to  end  a  circular,  shield- 
driven,  cast  iron  ring  tunnel;  the  600  feet  of  brick  tunnel  built  in 
1 881 -1 883  having  been  abandoned.  • 


Fig.  2. 
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Fig.  2,  is  from  a  free  hand  sketch  showing  in  perspective  a  por- 
tion of  the  tunnel  system  on  the  New  Jerse)  side.  The  tunnel 
marked  "A"  contains  the  west-bound  track  to  Hoboken,  and  "B" 
the  east-bound  track  from  Hoboken.  The  tunnel-  marked  "C"  and 
"'FV  "i-"  and  "F"  will  contain  tracks  leading  respectivel)  from  and 
towards  Jersey  Cay.  In  order  to  obtain  the  proper  directions  it  was 
necessary  to  cross  the  tunnels  "E"  and  "F"  vertically. 

It  was  obvious  to  the  engineers  that  it  would  not  he  economical  to 
construct  the  tunnels  at  the  turnouts  by  means  of  a  shield.  It  was 
necessary  to  have  a  section  of  tunnel  which  would  enlarge  from  the 
ordinary  circular  tunnel  at  one  end  to  a  sufficient  width  at  the  other 
for  two  such  tunnels  to  he  driven  forth.  Many  studies  were  made  to 
determine  the  best  means  of  accomplishing  this  end.  the  final  decis 
being  to  construct  such  a  piece  of  tunnel  on  the  surface  of  the  -round 
and  sink  it  by  means  of  a  pneumatic  caisson  excavation. 

In  order  to  avoid  grade  crossings  in  this  double  tracked  wye,  such 
as  would  occur  if  the  tracks  were  made  parallel  to  each  other  at 
grade,  (see  the  sketch  "G"  of  an  ordinary  double  track  wye.  Fig. 
2).  the  grades  of  the  two  tunnels  were  made  at  different  level-,  and 
in  order  to  save  cost  in  the  construction  of  the  caissons,  they  were 
built  double  decked,  the  enlarging:  tunnel  for  one  system  of  tracks 
being  d'rectly  over  that  for  the  other,  thus  making  the  floor  of  the 
one  the  roof  of  the  other.  Otherwise  it  would  have  been  necessary 
to  have  separate  caissons  for  each  level. 

Structural  steel  caissons  were  designed  for  this  purpose,  but  found 
impracticable  because  of  cost  and  the  length  of  time  necessary  for 
fabrication  and  erection.  Further  studies  were  made  along  two 
lines:  First,  to  see  if  the  design  could  not  be  simplified  by  the  intro- 
duction of  knee  braces  and  a  reduction  in  depth  of  girder  by  allowing 
at  least  a  portion  of  the  compression  stresses  to  be  assumed  by  the 
concrete  filling:  and  second,  by  constructing  the  caisson  wholly  of 
reinforced  concrete  with  practically  all  the  compression  5tr< 
taken  by  the  concrete.  The  latter  plan  was  adopted,  the  principal 
reasons  for  the  decision  being : 

First:  The  saving  of  time  due  to  the  fact  that  concrete  materials 
and  reinforcing  iron  could  be  obtained  promptly,  thus  allowing  the 
work  to  start  at  once. 

Second:  Because  it  was  found  that  the  amount  of  concrete  re- 
quired in  the  structural  steel  caisson  to  overcome  the  buoyancy  due 
to  the  use  of  compressed  air  and  to  skin  friction  was  fully  a-  great 
as  the  total  amount  necessary  in  the  reinforced  concrete  design. 

Third:  A  considerable  saving  in  cost,  estimated  at  Sioo.ooo  per 
caisson,  chiefly  because  of  the  saving  in  steel.  In  Fig.  j;.  is  shown 
a  plan  of  Caisson  No.  i.  somewhat  in  detail.  The  calculation  showed 
a  neee->arv  thickness  of  walls  of  three  feet,  but  three  feet  more  u  it- 
added  for  the  electrical  conduits.  This  extra  thickness  was  added 
at  the  outset  in  the  middle  portion  in  order  to  increase  the  weight. 
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The  method  of  construction  adopted  was  ( I )  to  build  the  lower 
portion  and  (2)  sink  it  until  the  roof  (floor  of  the  second  deck) 
would  be  at  or  near  the  surface  of  the  ground.  Then  (3)  to  build 
the  second  deck  on  top  of  the  first,  after  which  (4)  sinking  should 
continue  to  the  depth  required  by  grade  of  tracks  and  (5)  the  invert 
of  concrete  placed.  If  the  whole  structure  had  been  built  on  the 
surface  before  sinking  started,  the  weight  would  have  been  too  great 
to  allow  proper  control  of  the  sinking,  and  the  construction  of  so 
high  a  structure  would  have  been  much  more  expensive. 
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The  design  was  required  to  satisfy  every  possible  condition  of  stress 
under  widely  varying  conditions.  In  the  first  place,  the  lower  deck 
had  to  be  designed  to  resist  the  spreading,  due  to  the  inclined  bot- 
toms of  the  walls,  and  also  to  the  pressure  from  the  compressed  air 
in  the  chamber.  Reds  i]  >  in.  diam.  with  ends  upset  to  2  in.  and 
with  turn-buckle-,  were  bedded  in  the  concrete  and  extended  across 
the  structure,  tying  the  bottom  of  the  caisson  together;  also,  the  12 
by  14  in.  timbers  which  extended  across  the  bottom  were  anchored 
into  the  concrete  by  mean-  of  -everal  rods  in  each.  At  the  level  of 
the  springing  line  of  the  arch,  the  horizontal  timbers  of  the  form- 
were  anchored  to  take  tension  as  well  a-  compression.  The  steel 
cutting  edge,  shown  in  Fig.  4.  was  designed  with  very  strong  cor- 
ners, and  was  anchored,  firmly  to  the  concrete  by  cross  straps  and  by 
rods  which  extended  up  the  inside  of  the  cutting  edge  and  wall. 


1    - 


Secondly,  the  side  wall-  of  the  lower  deck  had  to  be  designed  to 
resist  the  outside  thrust  due  to  hydraulic  or  wet  earth  pressure,  and 
as  the  bottom  was  open  inside  the  cutting  edge,  these  forces  required 
the  12  by  14  in.  timbers  to  act  a-  struts  all  the  way  down,  and  also 
required  strong  reinforcement  in  the  outside  ]>  rtion  of  the  wall. 
Square  1  in.  rods  of  steel,  were  placed  vertically.  4  in.  c.  to  c.  to 
take  the  tension  due  to  the  cantilever  action  of  these  forces. 

Thirdly,  it  was  necessary  to  design  this  lower  portion  a-  a  longi- 
tudinal girder  in  order  to  allow  for  an>  possible  uneven  bearing  that 
might  occur  in  the  -inking.  For  this  purpose,  besid*es  the  steel  of 
the  cutting  cdi^.-.  railroad  rail-  were  u^-t\  longitudinally,  with  laps  of 
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about  10  ft.  and  $4  ni-  er>d  anchors,  and  also  longitudinal  i  in.  square 
rods  placed  near  the  surface  of  the  concrete  in  the  top. 

Fourthly,  the  upper  cover  of  this  deck  had  to  be  designed  to  take 
compressed  air  pressure  from  either  above  or  below,  the  other  side 
being  normal ;  to  take  the  horizontal  thrust  due  to  the  earth  and 
hydraulic  pressure  on  the  sides  of  the  structure  and  to  take  the 
weight  of  ballast,  tracks  and  train  in  the  upper  deck. 

Fifthly,  the  ends  had  to  be  designed  so  that  they  could  be  easily 
and  expeditiously  removed,  and  at  the  same  time  so  as  to  success- 
fully resist  the  air  pressure  from  within  and  the  earth  pressure 
from  without.  To  accomplish  these  purposes  best  it  was  decided  to 
use  three  feet  of  concrete  bounded  by  larger  cast  iron  rings,  large 
enough  to  allow  the  free  passage  of  the  shield  later  after  the  concrete 
had  been  removed. 

The  upper  deck  was  not  designed  for  quite  such  rigid  conditions 
but  was  of  course  designed  to  carry  the  final  static  load  of  earth 
above. 

As  the  chance  for  uneven  bearing  of  the  cutting  edge  might  in- 
crease as  the  depth  increased,  the  completed  caisson  was  made  still 
stronger  as  a  girder  by  adding  still  more  longitudinal  reinforcement 
near  the  top. 

The  unit  stresses  allowed  in  this  design  were  25,000  lbs.  per  sq. 
in.  of  tension  or  compression  in  the  steel,  and  600  lbs.  per  sq.  in. 
compression  in  the  concrete. 


Fig.  5- 
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In  Fig.  5  are  shown  sorneoi  the  details  of  the  design  which  amplify 
the  drawings,  Figs.  3  and  4.  The  forms  were  left  in  place  until  the 
final  position  was  reached.  There  is  also  shown  the  longitudinal 
angles,  winch  served  the  double  purpose  of  holding  the  outside  form 
lagging  and  of  spacing,  by  holes  through  the  horizontal  leg,  the  verti- 
cal reinforcing  rods  at  the  outside  of  the  concrete;  these  angles  also 
served  as  additional  longitudinal  reinforcement. 

Equipment— Notes  on  Construction. 

A  stock  pile  of  stone  and  sand  was  made  between  the  railroad 
tracks  facing  the  large  end  of  the  caisson,  and  a  stiff  leg  derrick 
shown  in  Fig.  0  delivered  the  material  to  a  No.  4  Smith  mixer  set  Up 


Fig.  6. 


under  one  of  the  stilt  legs.  The  measuring  hopper,  divided  verti- 
cally, held  20  cu.  ft.  of  stone  on  one  side  and  i<>  en.  ft.  of  sand  <>n 
the  other.  Five  hags  of  cement  completed  the  charge  of  the  mixer 
to  which  water  was  added  simultaneously  with  the  other  ingredients. 
The  mixture  was  always  in  the  ratio  of  1  .2  4.  the  stone  being  2  in. 
run  of  crusher.  Concrete  was  deposited  partly  by  locomotive  cranes 
and  partly  from  cars  on  narrow r-gauge  tram  tracks. 
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In  Fig.  7  is  shown  the  state  of  work  on  January  28,  1906,  at 
which  time  the  first  deck  lacked  about  twenty-four  hours  of  comple- 
tion. This  shows  much  of  the  plan  of  the  reinforcement,  including 
the  bond  to  the  second  deck. 

The  material  locks  used  were  the  O'Rourke  locks  on  3  ft.  vertical 
shafts.  The  same  locomotive  cranes  were  used  in  hoisting  exca- 
vated material,  as  had  been  used  in  concreting. 

In  Fig.  8  is  shown  an  interior  view  of  Caisson  No.  1,  with  its  open- 
ings into  the  tunnels. 

In  ci instruction,  after  the  steel  cutting  edge  had  been  set  up  as 
shown  in  Fig.  4,  it  was  sunk  about  six  feet  lower  than  there 
shown  and  was  leveled  up  at  that  grade.  The  base  of  the  walls 
of  the  caisson  was  given  a  bearing  on  the  mud  by  tamping  it 
thoroughly  under  the  lagging  placed  on  the  stepped  forms  of  the 
bottom.  It  was  calculated  that  the  bearing  power  of  the  soil 
would  be  sufficient  to  sustain  the  weight  of  the  first  deck  of 
concreting  until  it  set.  There  was  considerable  settlement,  however, 
during  concreting,  and  more  during  the  interval  which  elapsed  be- 
fore sinking  commenced.  This  settlement  was  not  uniform,  in  con- 
sequence of  which  the  cutting  edge  was  four  feet  out  of  level  when 
the  sinking  started,  and  it  was  necessary  to  level  up  the  caisson — a 
difficult  thing  to  do  on  account  of  the  nature  of  the  material  encoun- 
tered, an  old  fill  of  non-uniform  quality.  It  was  further  complicated 
by  encountering  three  old  sunken  barges  and  some  piling  directly 
under  the  cutting  edge.  The  caisson  was  finally  leveled  up  without 
mishap,  though  to  do  this,  pushed  it  laterally  about  twelve  inches 
from  the  position  planned,  and  the  pressure  from  the  outside  against 
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the  low  side  was  much  less  for  a  good  part  of  the  distance  down  than 
it  was  on  the  other  side.  This  operation  proved  that  the  green  con- 
crete structure  could  withstand  severe  strains.  Th  final  grade  of 
the  cutting  edge  was  about  83  feet  below  the  surface  of  the  ground, 
or  about  77  feet  below  mean  tide  level. 

Construction  work  of  the  caisson  was  begun  on  November  30, 
1905.  The  cutting  edge  was  bolted  together  by  December  14th.  and 
forms  and  reinforcement  were  ready  so  that  concreting  was  started 
January  18,  1906,  and  the  first  deck  of  concreting  was  finished  Janu- 
ary 29,  1906. 

The  sinking  was  delayed  in  starting  owing  t  >  failure  in  the  deliv- 
ery of  the  lock  shafting,  and  did  ii(  t  start  until  February  26th, 
from  which  date  until  June  6th  the  sinking  continued,  with  a  two 
weeks'  interval  only,  at  the  time  of  construction  of  the  second 
deck.  The  invert  was  placed  June  7th-i2th,  after  which  the  timber 
forms  were  taken  apart  and  removed  through  the  lock  shafts  111 
normal  atmosphere.  The  south,  or  lower,  tunnel  1  tunnel  "B"),  was 
driven  into  the  east  end  of  the  caisson  July  5.  [906. 

The  reinforcement  used  was  all  either  second-hand  railroad  rail-, 
or  1  in.  square.  O.  H.  steel  bars  of  0.121 ,    carbon,  which  bars  were 
delivered  to  the  job  as  plain  square  bar>.     Tin-  original  plan  wa 
use  them  plain,  but  experimental  tests  showed  a  considerable  increase 
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in  strength  by  twisting,  and  accordingly  the  Turner  Construction 
Company,  Xo.  II  Broadway,  New  York,  was  engaged  to  twist  them, 
for  which  purpose  they  set  up  a  twisting  plant  on  the  job. 

The  lower  deck  was  made  air-proof,  or  rather  the  concrete  walls 
and  top  of  the  lower  deck  were  aided  in  holding  the  compressed  air 
by  the  use  of  a  water-proofing  process  invented  by  Mr.  H.  Pashke, 
Chemical  Engineer.  A  two-ply  coating  of  asphalt  saturated  canvas, 
with  three  coats  of  a  cold  solution  of  asphaltic  tar  (fluid  down  to 
below  32  deg.  Fahr.)  were  used,  the  application  being  directly  on  the 
inside  lagging  and  hence  next  to  the,  concrete  surface.  This  material 
of  course  came  off  with  the  forms. 

One  feature  which  makes  this  work  very  interesting  is  the  great 
depth  of  t'ne  working  chamber  and  consequent  great  surface  exposed 
to  the  air  pressure.  It  was  a  bold  scheme  to  make  the  cutting  edge 
so  far  below  the  roof  of  the  chamber  and  to  depend  almost  entirely 
on  the  strength  of  the  reinforced  concrete  sides  and  arch  to  with- 
stand the  strains  encountered  during  sinking.  This  construction 
demonstrates,  perhaps  more  than  any  structure  previously  built, 
the  universal  adaptability  of  reinforced  concrete  as  a  building 
material. 

To  sink  the  caisson  to  its  depth  (83  feet)  required  the  excavation 
of  about  11,000  cubic  yards  of  material,  of  which  a  large  amount 
was  of  solid  rock  requiring  some  blasting,  but  it  was  soft  enough 
to  be  partly  handled  by  means  of  picks  and  bull  points.  It  was  of 
course  necessary  to  break  it  up  into  pieces  small  enough  to  be 
loaded  into  the  caisson  buckets.  About  5,000  cubic  yards  of  this  ma- 
terial was  dumped  on  top  of  the  caisson  after  its  top  had  gone  below 
the  ground. 

The  methods  used  in  the  design  of  caisson  Xo.  2,  and  in  its  con- 
struction and  sinking,  were  almost  identical  with  those  employed  at 
caisson  Xo.  1.  The  trestle  had  to  be  higher  on  account  of  getting 
a  required  22  ft.  clearance  over  some  important  yard  tracks  in  the 
D.  L.  &  W.  R.  R.  Yard,  and  a  42  ft.  bridge  had  to  be  provided  to 
cross  these  tracks  to  get  to  a  canal  where  the  schooners  in  which 
stone  and  sand  were  received,  and  to  which  also  the  excavated  ma- 
terial was  delivered. 

Both  caissons,  Xos.  1  and  2,  are  in  the  finished  portion  of  the 
work  (see  Fig.  1),  and  the  present  traffic  passes  through  them. 
Caisson  Xo.  3  is  built  and  sunk  to  its  final  position.  Tunnels  C, 
D,  E  and  F  (Fig.  2),  are  all  started  from  caissons  Xos.  1  and  2, 
but  none  of  the  tunnels  are  yet  connected  to  caisson  Xo.  3,  which 
differs  radically  from  the  other  two.  In  the  first  place  it  is  built 
large  enough  for  each  deck  to  contain  a  double  crossover  instead  of 
only  a  -ingle  turnout,  which  makes  it  about  50  per  cent,  larger  in 
area.  Details  of  the  design  of  this,  are  shown  in  Fig.  9.  At  both 
cai-sons,  Xos.  1  and  2,  it  was  very  difficult  to  sink  the  caisson  the 
last  ten  feet,  so  Xo.  3  was  designed  with  the  cutting  edge  relatively 
10  feet  higher.     This  leaves  it  with  the  steel  cutting  edges  directly 
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across  the  middle  of  the  circular  tunnels,  and  these  will  need  to 
be  cut  away  when  the  tunnels  arc  connected  to  the  caisson.  Plac- 
ing the  cutting  edge  higher  saved  a  considerable  amount  of  excava- 
tion, as  the  corners  at  the  bottom  were  left  rounded  instead  of 
squared  out.  The  shape  of  the  cutting  edge  was  improved  by  giv- 
ing it  a  width  of  about  6  inches  on  the  bottom  instead  of  having  it 
come  to  a  sharp  edge. 


MEDMJ-    C/?a3S~5Ecr/orS 


Cs<!/5SO<V  /Vo  3. 

/T,e/nfo/%<r<!       Concrete . 


?■  9- 

The  most  radical  departure  from  conservative  methods,  however, 
was  in  the  sinking.  In  the  other  caissons,  pneumatic  pressure  up  to 
28  pounds  above  normal  was  used,  but  in  caisson  No.  3  the  work 
was  done  under  atmospheric  pressure,  which  saved  the  slow  work 
due  to  removing  the  excavated  material  through  the  air  locks,  and 
resulted  in  a  material  saving  m  the  labor  account,  because  common 
laborers  took  the  place  of  the  "sand-hogs."      1  he  water  was  kept 
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down  by  pumping,  the  best  results  being  obtained  from  the  use  of 
steam  pulsometers,  of  which  there  were  five  on  the  job. 

In    Fig.    10   is   shown   the   cutting  edge   erected   and  the   sinking 
started. 


Fig.  10. 


Some  of  the  difficult  material  encountered  in  this  first  excavation 
is  shown  in  Fig.  11.  it  being  an  old  railroad  fill  of  rock,  and  an 
old  pile  foundation  which  extended  36  to  40  feet  below  the  ground 
level.  At  the  top,  these  piles  were  arranged  in  regular  rows,  but 
down  at  about  ten  feet  above  their  points  there  was  no  shape  or  form 
to  the  spacing  arrangement.  In  many  cases  three  or  four  piles  had 
closed  in  together  a  few  feet  below  the  top  of  the  ground  and  fol- 
lowed the  rest  of  the  way  down  together. 

The  material  encountered  in  all  these  caissons  was  nearly  the 
same:  viz..  about  16  feet,  of  fill  varying  from  cinders  to  pieces  of 
trap  rock  of  over  1^/2  cu.  yds.  ;  then  10  to  20  feet,  of  blue  clay,  then 
in  turn,  quicksand,  coarse  sand  and  gravel,  and  finally  about  25  feet 
of  seamy  sandstone  rock,  too  hard  to  pick  and  shovel  easily  and  re- 
quiring blasting.  Caisson  Xo.  3  went  through  all  this  material  with- 
out the  aid  of  air  pressure,  and  the  cutting  edge,  from  the  time  con- 
creting began  until  it  reached  the  rock  with  25  feet  yet  to  dig,  was 
buried  in  the  mud  from  4  to  8  feet,  which  helped  to  keep  the  water 
out  and  the  quicksand  and  other  material  from  coming  in.  Facilities 
were  at  hand  at  all  times,  if  required  to  put  the  working  chamber 
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under  air  pressure  on  short  notice,  and  to  continue  the  work  without 
interruption. 

The  saving  to  the  Hudson  Companies  by  use  of  the  open  shaft 
method,  instead  of  with  compressed  air.  was  probably  aboul  $30,000. 


Fig.  11. 


The  Hoboken  Terminal  Station. 

This  terminal  is  constructed  entirely  of  reinforced  concrete,  with 
the  exception  of  the  cast-iron  columns  and  the  I-beams  in  the  roof 
of  the  concourse.  Cast-iron  columns  were  used  to  save  space,  it  being 
thought  that  reinforced  concrete  columns  of  sufficient  strength  would 
De  unsightly  on  account  of  their  size.  I-beams  were  used  in  the  roof 
of  the  concourse  in  order  to  make  it  as  shallow  as  possible  to  save 
vertical  head-room  under  the  street  railroad  tracks.  About  8,000 
cu.  yds.  of  concrete  and  600  tons  of  square  twisted  steel  bars  were 
used  in  this  construction. 

Practically  the  whole  of  this  terminal  is  directly  beneath  the  busy 
street  car  tracks  terminating  at  Hoboken,  but  the  entire  work  of 
excavation,  timbering,  and  concrete  construction  has  been  carried 
on  without  appreciably  disturbing  the  traffic  above. 

The  roof  of  the  terminal  was  designed  to  carry  a  total  load  of 
1,500  lbs.  per  sq.  ft.,  which  was  the  estimated  weight  of  the  1 
itself,  of  the  earth  back-fill,  and  of  the  live  load.    This  unit  of  1.500 
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lbs.  was  used  throughout.  The  foundation  at  the  west  end  of  the 
terminal  rested  on  a  natural  bed  of  soft,  partially  disintegrated  rock; 
in  the  middle,  on  a  bed  of  blue  clay,  but  for  the  full  easterly  half  of 
the  terminal  nothing  was  encountered  in  the  excavation  but  filled-in 
ground  :  this,  however,  was  solid  and  no  piles  were  driven  to  increase 
the  bearing  power.  The  design  assumed  that  the  total  weight  com- 
ing upon  the  roof  was  distributed  evenly  over  the  foundation,  and 
the  bottom  was  therefore  designed  for  the  same  unit  loading  as 
above  stated.  The  buoyant  force  due  to  displacement  below  sea  level 
was  neglected  except  where  actually  sufficient  to  cause  flotation,  in 
which  case  enough  weight  was  added  to  take  care  of  that  feature. 

We  were  indebted  to  Professor  Lewis  J.  Johnson,  of  Harvard 
University,  for  the  formulae  used  in  designing  the  work.  For  the 
most  part,  use  was  made  only  of  the  formula  M  =  Kbh2,  in  which 
M  is  the  bending  moment,  K  a  factor  worked  out  by  Professor 
Johnson  from  the  moduli  of  elasticity  of  steel  and  reinforced  con- 
crete, and  b  and  h  the  breadth  and  height  of  the  section  of  beam  or 
slab  under  consideration. 

The  unit  stresses  used  were  16,000  lbs.  per  sq.  in.  tension  for  the 
steel,  and  500  lbs.  per  sq.  in.  compression  for  the  concrete,  the  values 
for  K  being  taken  on  the  basis  that  the  modulus  of  elasticity  of  steel 
equals  ten  times  that  of  concrete.  The  percentage  of  reinforcement 
to  the  concrete  in  the  cross  section  is  usually  0.6%  to  0.8%.  In  all 
cases  the  height — "h" — used,  is  the  distance  from  the  reinforcing 
plane  to  the  outer  edge  of  the  compression  side  of  the  slab  or  beam. 

The  extreme  westerly  end  was  made  sufficiently  large  to  erect 
the  tunnel  shields,  and  was  also  designed  to  resist  an  air  pressure 
of  30  lbs.  per  sq.  in.  from  the  interior,  as  well  as  to  take  the  exterior 
strains  for  which  the  whole  structure  is  designed. 

Fig.    12  shows  cross  sections  taken  between  the  end  of  the  cir- 
cular bore  and  the  Hoboken  terminal.     The  top  and  bottom  slabs 
for  the  clear  span  of  27  feet  are  4  ft.  4  in.  in  thickness,  the  analysis 
of  a  12  in.  section  being  as  follows: 
wP  1500  X  292 

M  = = =  157,700  ft.  lbs.  =  1,892,400  in.  lbs. 

8  8 

Taking  a  value  of  K  corresponding  to  0.6%  reinforcement,  and 
b  =  12,  M  =  Kbh2,  gives  a  value 

h=46  in.  net  depth   (4  ft.  4  in.,  gross  depth),  and 
0.006  X  46  X  12  =  3.31  sq.  in.  of  reinforcement  required. 

The  spacing  of  the  1  in.  sq.  rods  was  taken  at  3.5  in.  and  the  plan 
shows  these  arranged  in  two  planes,  7  in.  apart  in  each. 

The  compression  due  to  reactions  from  the  side  walls  was  neg- 
lected, as  it  would  be  in  the  lower  portion  of  the  slab  and  would  only 
tend  to  reduce  the  tension  therein. 

The  calculations  of  the  other  spans  in  the  roof  and  floor,  and  the 
stresses  in  the  side  walls  of  the  station  were  calculated  in  the  same 
manner.     The  unit  stress  per  square  foot  against  the  side  wall  was 
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also  taken  at  1,500  lbs.  per  sq.  ft.,  which  is  about  what  the  hydraulic 
pressure  from  liquid  mud  at  the  middle  height  of  the  wall  would 
figure.  Account  was  also  taken  of  the  vertical  load  from  the  roof 
and  base.  The  vertical  walls  in  this  portion  of  the  station  are,  as 
shown  in  the  plans,  each  one  foot  thick  with  vertical  rods  3  t"t.  c.  to 
c.  near  each  side.  These  walls  furnish  ample  hearing  tor  the  reaction 
of  the  roof  and  bottom  slabs. 
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The  roof,  base  and  side  slabs  were  all  strengthened  by  practically 
shortening  the  span  through  the  use  of  counter  flexure  reinforcing 
rods.  In  section  KK  (Fig.  12)  in  the  roof  slabs  the  tension  rods  for 
flexure  are  placed  near  the  bottom,  but  by  virtue  of  additional  rods 
placed  over  the  supporting  walls  near  the  top  of  the  slab,  the  span 
is  practically  shortened ;  or,  we  may  say,  the  slab  is  practically  fixed, 
and  we  could  probably  have  used  in  the  analysis  M  =  wl2  -j-  10 
instead  of  M  —  wl2  -=-  8,  as  would  be  the  case  in  a  simple  span. 
The  corners  are  also  protected  in  this  same  manner  by  counter  flex- 
ure rods  extending  around  the  corner  near  the  outside  for  this  same 
purpose.  It  is  believed  that  these  rods  so  placed  have  the  same 
effect  in  fixing  the  direction  of  the  slab  or  in  shortening  the  span, 
as  do  the  rods' placed  over  the  support  near  the  surface  in  continuous 
spans  of  horizontal  slabs.  Thus,  in  this  whole  design,  all  spans 
either  vertical  or  horizontal  were  made  practically  "continuous 
girders,"  although  in  calculating  strains  and  designing  the  sections 
no  allowance  was  made  for  this.  To  further  increase  the  strength 
of  these  slabs,  the  upper  corners  were  beveled  and  the  lower  corner 
stepped,  as  shown  in  Fig.  12. 

A  typical  cross-section  of  the  station  proper  is  shown  in  Fig.  13, 
which  structurally  consists  of  a  system  of  groined  arches  above  to 
take  the  load  of  the  roof,  the  superincumbent  fill,  and  the  street  and 
street  traffic  above  ;  a  system  of  inverted  groined  arches  below  to  dis- 
tribute these  loads  evenly  over  the  entire  surface  of  the  foundation ; 
and  side  walls  proportioned  to  resist  the  same  stresses  as  the  side 
walls  in  the- other  portions  of  the  terminal  heretofore  discussed.  The 
groined  arches  in  the  base  were  made  pyramidal ;  that  is,  plain  sur- 
faces were  used  instead  of  the  curved  surfaces  in  the  roof,  the 
object  being  to  save  time  as  well  as  expensive  form  work.  The 
reinforcement  in  the  groined  arches  in  the  top  and  bottom  is  of  the 
umbrella  or  mushroom  type.  Sets  of  three,  1 -in.  square  rods  extend 
from  column  to  column  in  the  direction  of  the  station,  at  right 
angles  thereto,  and  also  diagonally  in  each  direction,  these  rods  being 
near  the  surface  of  the  concrete  and  being  continuous  over  the  sup- 
porting columns.  Every  square  15  ft.  by  15  ft.  with  a  column  in  the 
center  is.  with  its  superincumbent  load,  supported  by  that  column, 
and  the  twelve  inch  th'ck  concrete  bounding  the  four  sides  of  the 
square  with  the  reinforcement  mentioned  is  sufficient  to  carry  the 
uniform  load  by  cantilever  or  umbrella  rib  action  to  the  column. 
In  construction,  however,  the  reinforcement  was  made  continuous 
from  column  to  column  in  all  directions,  as  well  as  across  the  column, 
thus  giving  additional  strength  in  the  thin  portions  to  better  care 
for  any  possible  concentrated  loads. 

In  order  to  strengthen  the  concrete  against  crushing  where  the 
groins  rest  on  the  columns,  nine  i-in.  square,  twisted  steel  rods, 
about  5  ft.  long  each,  were  stood  up  in  the  capital,  eight  slightly 
inclined  in  all  directions  from  the  vertical,  and  one  extending  verti- 
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cally  in  the  middle  of  the  capital  and  all  bedded  in  the  concrete 
in  that  position. 

The  platforms  are  reinforced  concrete  slabs  resting  on  walls  one 
foot  in  thickness  in  the  line  of  the  columns.  The  reinforcing  iron 
is  continuous  over  the  support  and  sustains  the  overhang  by  canti- 
lever action.  These  platforms  are  9  in.  thick  at  the  center  of  the 
spans  and  tapering  to  6  in.  at  the  edge,  as  shown  in  Fig.  13. 

The  entire  length  of  the  north  track  opposite  the  station  plat- 
form is,  as  indicated  on  Fig.  13,  a  track  car  inspection  pit,  the  rails 
being  carried  on  insulating  wooden  blocks  resting  on  concrete  piers, 
5  ft.  c.  to  c,  thus  giving  ample  room  for  workmen  to  move  about 
under  the  cars.  For  this  purpose  the  bottom  slab  of  this  portion 
of  the  station  was  lowered  and  thickened  to  make  it  similar  in  design 
to  the  bottom  slabs  in  the  other  portions  of  the  terminal. 

In  the  case  of  the  platforms  in  the  body  of  the  station,  a  space 
some  5  ft.  high  and  13  ft.  wide  is  left  below  the  platform  slab.  The 
operating  department  will  probably  find  this  space  very  convenient 
for  storage  purposes. 

Notes  on  Construction. 

The  site  chosen  for  the  terminal  was  the  triangular  piece  of 
ground  bounded  by  the  D.  L.  &  W.  Railroad  Yards,  Hudson  Street, 
and  Hudson  Place,  Hoboken.  This  ground,  two  years  ago,  was  all 
occupied  by  the  tracks  and  equipment  of  the  street  car  line  of  the 
Public  Service  Corporation,  two  of  the  tracks  coming  into  the  Yard 
on  the  elevated  incline  partially  shown  in  Fig.  14.  This  figure 
shows  the  work  at  a  very  interesting  stage,  the  excavation  here  being 
nearly  completed.  It  is  held  open  by  means  of  10  in.  by  10  in.  tim- 
bering between  the  sheet  piling  on  the  sides,  while  the  elevated  rail- 
road structure  is  supported  above.  Ground  was  broken  for  the 
terminal  about  the  middle  of  December,  1905,  but  work  was  not 
pushed  until  the  spring  of  1906.  As  the  excavation  progressed, 
sheet  piling  and  timbering  were  placed  to  hold  it  open,  the  sheet 
piling  being,  for  the  most  part,  not  longer  than  twelve  feet  and 
driven  by  small  steam  hammer  pile  drivers,  either  steam  or  com- 
pressed air,  at  about  90  pounds  per  square  inch  being  used.  In  some 
cases  as  many  as  three  sets  were  used  before  the  bottom  was  reached. 
By  September  1.  1906.  the  excavation  was  complete  at  the  extreme 
west  end,  and  concreting  was  commenced.  The  mixer  was  a  Judd 
Mixer,  and  the  concrete  was  transferred  from  the  mixer  to  its  place 
by  Koppel  side  dump  cars  on  a  24-inch  gage  track,  supported  on 
the  excavation  timbering.  It  was  possible  in  a  good  share  of  the 
work  to  dump  the  concrete  exactly  where  it  was  wanted  from  this 
track  without  rehandling.  As  shown  in  the  plans  already  referred 
to,  it  was  necessary  to  surround  the  whole  work  with  a  waterproof- 
ing envelope,  which  was  protected  by  eight  inches  of  concrete  on  the 
bottom  and   four  inches  on  the  sides  and  top.     The  waterproofing 
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material  chosen  was  a  burlap  saturated  with  an  asphaltic  tar  solution 
and  an  asphaltic  tar  with  a  melting  point  of  about  [20  deg  Fahr  In 
the  terminal  proper  (the  length  of  the  platform)  five  ply  fabric  with 
six  coats  of  pitch  were  used.  In  the  portion  west  of  the  wesl  end 
of  the  platforms  three  ply  cloth  with  tour  coats  of  pitch  was  used. 
The  main  advantage  gained  in  using  the  burlap  fabric  instead  of  a 
felt  for  the  waterproofing  Was  the  facility  in  making  connection  be- 
tween old  and  new  waterproofing  where  work  could  not  he  made 
continuous.  The  envelope  of  waterproofing  is  now  completed,  hut 
because  of  the  large  amount  of  timbering  and  the  necessity  of  su- 
port'.ng  the  elevated  railroad  structure  as  well  as  the  surface  rail- 
way east  of  the  toot  of  the  incline,  the  concrete  work,  as  well  a-  the 


Fig.  14. 

waterproofing,  was  necessarily  done  in  small  sections  and  often  with 
many  openings  for  timbers.  This  made  the  waterproofing  in  some 
places  a  succession  of  patches  hut  in  every  case  where  patching  was 
required,  or  where  new  work  was  joined  to  the  older,  all  the  laps 
were  opened  up  for  at  least  six  inches,  and  the  junction  in  the  direr 
or  five  ply  waterproofing  was  dove-tailed  as  many  times  as  tl 
were  laps.  Thus,  in  the  five-ply  work  for  six  inches  at  the  junction 
there  would  he  eleven  coats  of  tar  and  ten  alternating  thickne 
of  the  cloth,  making  the  laps  more  waterproof  than  the  body  of  the 
waterproofing,  which  could  not  possibh  he  the  case  if  felt  were  used, 
as  it  is  practically  impossible  to  open  up  and  dove  tail  the  laps  oi  felt 
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waterproofing  in  this  manner.  Fig.  15  shows  the  use  of  clav  tile 
partition  blocks  for  the  side  waterproofing  protection  instead  of  the 
four-inch  concrete  called  for  on  the  plan.  Several  thousands  of 
these  partition  blocks  were  used  in  various  parts  of  the  work  where 
serious  delays  might  have  been  caused  had  concrete  been  insisted 
upon.  In  this  view  the  eight  inch  bottom  protection  of  the  water- 
proofing has  been  placed  and  the  waterproofing  thereon.  After 
this  about  two  inches  of  protecting  concrete  was  placed  to  prevent 
the  waterproofing  fabric  from  being  torn  by  the  workmen  in  placing 
rods  for  the  bottom  slab,  and  in  other  work  before  the  slab  was 
place!.  The  waterproofing  had  been  turned  up  the  side  wall  a  foot 
or  so  when  placed  and,  in  this  view,  it  is  shown  pulled  away  and  the 


Fig.  IS- 

laps  separated  so  as  to  start  the  waterproofing  on  the  side  wall  and 
allow  the  dove-tailing  as  described  above. 

The  work  is  almost  entirely  below  tide  so  that  considerable  pump- 
ing had  to  be  done  in  order  to  keep  the  excavation  dry  during  the 
progress  of  the  work.  Small  ditches  dug  slightly  lower  than  the 
general  bottom  of  the  excavation  led  to  the  sumps  and,  in  order  to 
allow  the  bottom  waterproofing  protecting  concrete  to  be  placed  on 
a  dry  bottom,  these  ditches  were  bridged  over  with  boards  or  were 
tiled.  Some  of  the  main  ditches  were  kept  open  until  a  later  stage 
to  allow  cleaning,  if  necessary,  but,  after  the  concreting  was  prac- 
tically all  done,   these  ditches  were  also  bridged  over  and  all  the 
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sumps  but  one  were  abandoned  and  filled.  The  water  from  this 
sump  was  pumped  out  all  through  the  work  by  one  or  more  of  sev- 
eral kinds  and  sizes  of  pump.,  but  in  the  end,  there  remained  one 
large  centrifugal  pump  with  a  14  in.  suction  and  a  1  •  in 
discharge  and  two  piston  pumps  with  5  in.  suctions  and  dis- 
charges. Either  the  large  centrifugal  pump  working  alone  or  the 
two  5  in.  pumps  work,,,-  together  could  keep  the  sump  from 
overflowing.  To  seal  this  sump  the  .smaller  pump,  were  used,  while 
the  suction  to  die  centrifugal  pump  was  changed  to  1  _>  i„.  and  with 
a  gate  valve.  There  was  first  laid  down  on  supporting  boards  eight 
inches  of  protecting  concrete,  and  then  the  waterproofing  patched  in, 
as  elsewhere,  flashing  this  up  and  around  the  suction  pipes  a.  well 
as  an  additional  3  in.  pipe  with  open  end.  which  pipe  was  extended 
up  through  the  station  to  above  tide  level.  After  the  concrete  was 
fully  set,  while  working  the  large  pump,  the  small  pumps  were  re- 
moved and  their  suction  pipes  filled  with  cement  grout,  thus  clos 
those  outlets.  After  this  grouting  had  set.  the  gate  valve  on  the  12 
in.  suction  was  closed,  and  the  large  pump  removed.  Some  days 
later  the  cavity  of  the  sump  and.  probably,  hack  some  distance  in  the 
drains,  was  tilled  with  cement  grout  through  the  3  in.  pipe  above 
mentioned.  To  do  this  more  effectually  a  tunnel  grouting  machine, 
worked  by  compressed  air  at  90  lbs.  per  sq.  in.,  was  used,  forcing  the 
grout  into  all  cavities.  When  the  grouting  was  nearly  completed, 
the  12  in.  gate  valve  was  partially  opened  to  permit  the  water  to 
escape  and  that  the  grout  should  till  this  pipe  up  to  the  gate  valve. 
After  this  grout  had  thoroughly  set,  the  valve  and  the  3  in.  pipe 
were  removed,  and  the  opening-  cemented  over  hush  with  the 
adjoining  floor,  thus  leaving  no  outward  trace  of  the  sump. 

The  transferring  of  the  vertical  loads  on  the  temporary  timber 
posts  supporting  the  street  railway  structures  and  the  horizontal 
timbering,  was  very  interesting.  At  the  completion  of  the  excava- 
tion the  vertical  posts  were  left  standing  on  short  horizontal  cross 
timbers  resting  on  the  mud  bottom  of  the  excavation.  In  general 
the  tops  of  these  short  cross-timbers  would  be  at  the  general  level  of 
the  finished  excavation  and.  preparatory  to  placing  the  bottom  eight 
inches  of  waterproofing  protection  concrete,  the  posts  would  be 
boxed  in  with  i-inch  lumber.  10  inches  wide,  the  box  being  made 
slightly  larger  on  the  inside  than  the  dimensions  of  the  post.  After 
all  the  posts  in  the  area  to  be  concreted  were  thus  fixed  the  eight 
inches  of  concrete  was  placed  and  finished  off  to  accurate  grade. 
After  this  concrete  had  set.  the  waterproof,,,-  was  placed  and  pro- 
tected with  an  inch  or  two  of  small  stone  concrete,  short  3  by  6  in. 
timber  blocks  being  placed  around  the  post  boxes  on  the  waterproof- 
ing so  as  not  to  cover  that  portion  of  the  waterproofing  required  for 
waterproofing  lap.  The  vertical  posts  were  then  transferred;  that 
is,  other  posts  were  set  up  near  these  posts  on  the  finished  waterproof- 
ing, so  placed  as  to  relieve  the  load  on  the  original  posts.  These 
latter  were  then  sawed  out  and  removed,  the  boxes  taken  out.  the 
holes  filled  in  up  to  the  waterproofing  level  with  concrete,  the  water- 
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proofing  patch  placed,  the  laps  were  dove-tailed  as  heretofore  de- 
scribed, plenty  of  tar  always  being  used  in  such  cases,  and  then 
this  portion  of  waterproofing  was  covered  over  with  the  one  or  two 
inches  of  concrete  mentioned  above.  The  next  stage  of  work  was 
to  bulkhead  off  with  temporary  vertical  bulkheads,  sufficient  of  the 
bottom  slab  of  the  reinforced  concrete  for  one  day's  work.  The 
vertical  posts  were  then  boxed  off  with  boxes  just  large  enough  for 
the  purpose,  and  of  a  height  slightly  more  than  the  thickness  of  the 
bottom  slab.  The  reinforcing  rods  called  for  in  the  bottom  portion 
of  the  slab  were  then  placed,  the  ends  being  passed  through  the  bulk- 
heads to  bond  with  the  next  day's  work.  Rods  in  all  cases  were 
made  continuous  by  lapping  them  at  least  forty  diameters  at  their 
ends  and  tying  these  ends  together  with  two  or  three  wraps  of  No. 
18  pliable  wire  to  hold  them  in  position.  The  concrete  was  then 
placed  into  the  area,  being  dumped  through  a  shute  from  the  Koppel 
side-dump  cars  on  the  track  above.  The  shutes  were  moved  about 
so  as  to  require  a  minimum  of  rehandling  in  placing  the  concrete. 
If,  in  the  area,  the  plan  called  for  rods  near  the  upper  surface  of  the 
slab,  these  rods  would  be  placed  in  the  wet  concrete  when  it  was 
filled  up  to  the  proper  level  without  stopping  the  concrete,  these  rods 
also  being  passed  through  the  bulkhead  if  necessary  for  bond  with 
adjoining  work.  After  this  concrete  was  set  the  posts  were  again 
transferred  as  before  described,  the  boxes  removed,  and  the  holes 
filled  with  concrete  completing  the  slab.  The  posts  were  transferred 
in  such  manner  as  to  allow,  without  interference,  the  construction  of 
vertical  walls  or  the  pyramids  for  the  column  pedestals. 

In  all  of  the  main  station  platform  portions  of  the  work  the  next 
stage  consisted  in  placing  the  pedestals,  columns,  and  capitals;  also 
the  side  walls  up  to  the  spring  line  of  the  arched  roof.  The  groined 
arch  form  work  was  made  with  great  pains  so  as  to  leave  a  finished 
concrete  surface  after  stripping.  Use  was  made  of  2  in.  by  4  in. 
lagging  with  radial  bevel  edges ;  this  being  made  continuous  in  one 
direction  of  arch,  the  lagging  in  the  other  direction  being  trimmed 
to  fit.  A  line  was  marked  on  the  first  lagging  from  center  to  center 
of  groin  across  the  center  of  the  column,  diagonally  in  each  direc- 
tion, this  line  being  obtained  by  plumbing  down  from  a  chalk  line 
held  on  the  center  of  the  groins.  Care  was  used  to  run  the  sec- 
ondary lagging  to  this  line. 

In  order  to  carry  the  load  of  the  street  and  the  street  car  traffic 
above,  it  was  necessary  to  leave  the  vertical  posts  which  extend  up 
through  this  work.  They  had  to  be  boxed  off  from  the  lagging  up  to 
the  finished  top  with  boxes  made  large  enough  for  a  man  to  work  in 
after  the  posts  should  be  removed.  After  concreting,  the  loads 
above  were  transferred  and  the  posts  removed,  after  which  car- 
penters completed  the  lagging  where  broken,  and  the  holes  were 
filled.  In  transferring  these  posts  much  care  had  to  be  taken  to  have 
the  heavy  concentrated  loads  come  very  close  to  a  point  directly 
over  a  cast  iron  column. 
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The  top  of  the  concrete  roof  came  so  close  to  the  under  side  of  the 
horizontal  and  longitudinal  timbers  supporting  the  street  and  the 
street  car  traffic  that  work  was  carried  on  with  greal  difficulty;  car- 
penters worked  on  the  forms  with  hardly  room  enough  to  strike  a 
blow  with  a  hammer;  those  putting  away  concrete  worked  "ii  elbows 
and  knees;  and  for  waterproofing  it  was  necessary  to  pick  out  small 
men  and  boys  in  order  to  do  the  work  at  all. 

After  the  waterproofing  was  finished,  except  at  the  posts,  it  was 
covered  with  the  protecting  concrete  called  for  on  the  plan>.  the  load 
was  transferred  to  it,  and  the  waterproofing  patched  where  the  posts 
had  been.  After  this  the  timbers  underneath  the  tie-  of  the  street 
car  tracks  and  the  planking  were  removed.  The  ground  was  tilled 
over  the  finished  station  to  the  original  level,  and  the  ballast  under 
and  between  the  ties  and  the  street  paving  was  restored. 

In  the  meantime,  all  the  excavation,  timbering  and  concrete  forms 
inside  the  station  were  removed,  the  one-foot  vertical  walls  to  sup- 
port the  station  platforms  were  built  and  also  the  reinforced  concrete 
platforms.  The  granolithic  work  in  the  concourse  and  on  the  station 
platforms  was  made  of  cement  mortar  in  the  proportion  of  one  part 
of  cement  and  one-half  part  screened  Cow  Bay  sand,  no  lamp  black 
or  other  coloring  being  used.  In  building  the  arched  concourse  floor 
and  the  platform  slabs,  concrete  in  its  ordinary  proportions  was 
placed  up  to  within  one  inch  of  the  finished  grade,  the  granolithic 
mortar  being  added  almost  immediately  in  order  to  be  able  to  count 
on  the  whole  thickness  for  strength.  The  granolithic  workers 
leveled  it  off  and  worked  it  to  grade  before  leaving  it  for  the  night. 

The  concrete  mixture,  in  general,  consisted  of  i  part  of  Giant 
Portland  cement  (accepted  after  rigid  inspection  by  the  Company's 
inspectors,  and  always  at  least  five  weeks'  old),  to  2l/2  parts  of  Cow 
Bay  sand  and  4A2  parts  crushed  trap  rock  and  gravel.  The  crushed 
rock  came  from  the  stone  crusher  of  O'Neill  &  Hopkins,  Jersey  City 
Heights,  and  the  run  of  the  crusher  was  used  from  two  inches  to 
screenings.  The  gravel  was  from  Long  Island,  -\\  in.  -ize.  The 
proportions  of  crushed  rock  and  gravel  to  make  up  the  4^2  parts  of 
aggregate  varied  according  to  the  nature  of  the  work.  In  some 
cases  no  gravel  at  all  was  used,  but  usually  about  half  gravel  and 
half  crushed  rock  was  employed,  and  occasionally  some  small  pieces 
of  work  were  done  with  gravel  only.  Wet  concrete,  according  to 
most  modern  specifications  was  used,  the  degree  of  wetness  beinur 
such  that  when  placed  in  the  forms,  a  man  from  his  own  weight 
would  sink  into  the  freshly  deposited  concrete  nearly  to  his  knees. 
In  some  of  the  bulky  portions  of  the  work,  stones  and  boulder-  found 
in  the  excavations  were  imbedded  in  the  concrete.  Before  placing 
the  concrete  in  the  form-,  the  face  of  the  wooden  form-  was  filled 
with  paraffine  oil  to  prevent  absorption  of  water  from  the  concrete 
as  well  as  to  aid  in  making  a  smooth  face  on  the  concrete. 

The  reinforcing  steel  used  was  1  in.  and  1 2  in.  square  twisted 
steel  bars,  furnished  bv  the  Turner  Construction  Company.     They 
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conformed  to  the  specifications  of  the  Hudson  Companies  for  square 
O.  II.  steel  bars  of  0.12%  carbon,  to  be  twisted  cold,  with  one  com- 
plete turn  in  a  length  of  eight  times  the  side  of  the  square.  Tests 
made  at  O  -lumbia  University  showed  that  this  quality  of  steel  gained 
about  25  per  cent,  in  ultimate  strength  and  elastic  limit  by  twisting 
it  in  this  manner.  In  making  hook  ends  on  the  rods  or  any  right 
angle  or  ether  bend,  they  were  always  bent  cold.  The  rods  came  to 
the  work  in  twenty,  thirty  and  forty  foot  lengths.  When  other 
lengths  were  needed  they  were  sheared  to  length  by  the  use  of 
Watson-Stillman  hydraulic  shears — a  very  ingenious  tool,  easily 
allowing  two  men  to  make  thirty  or  forty  cuts  per  hour  of  1  in.  rods. 

Tunnel  Lining. 

A  typical  cross-section  of  finished  tunnel  ready  for  ballast  and 
track  is  shown  in  Fig.  16.  The  slabs  on  the  central  line  of  the  bot- 
tom are  of  reinforced  concrete,  14  in.  by  30  in.  by  2}^  in.,  the  rein- 


Fig.  16. 

forcement  being  a  large  mesh  expanded  metal  sheet  near  the  bot- 
tom surface  of  the  slab.  These  slabs  cover  a  drain  9  in.  wide  by  5 
in.  deep.  The  side  walls  contain  vitrified  clay  tile  conduits,  twenty 
holes  on  one  side  and  fourteen  on  the  other.  Additional  longi- 
tudinal stiffness  was  given  to  the  tunnel  by  placing  eight  i-in.  square 
twisted  steel  rods  longitudinally  in  the  concrete  lining,  two  on  each 
side  of  the  invert  drain  and  about  6  and  10  inches  away  from  its 
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edge  respectively,  and  two  on  each  side  in  the  bottom  of  the  side  wall. 
For  duct  wraps,  a  single  thickness  of  asphalt-saturated  cloth,  coated 
with  soft  tar,  was  used.  These  proved  to  be  much  m. .re  reliable  than 
muslin  wraps  saturated  in  grout,  as  we  found  practically  no  joints 
where  mortar   from  the  wet  concrete  had  penetrated  into  the  du 


Fig.  17. 


In  Fig.  17  is  shown  the  tunnel  enlargement  for  crossover  on  the 
New  York  side,  which  was  made  from  the  circular  cast-iron  tunnel-. 
In  the  first  place  two  parallel  cast-iron  tunnels  under  Christopher 
Street  were  driven  in  the  usual  manner,  and  then  afterwards,  piece 
by  piece,  the  cast-iron  lining  was  taken  out  and  the  reinforced  con- 
crete arch  substituted.  Being  so  much  wider  than  high,  the  outside 
segments  of  the  iron  also  had  to  be  removed  and  space  made  out- 
side to  carry  heavy  concrete  walls  for  the  abutments  of  the  over  arch 
and  the  invert  arch.  The  reinforcement  was  made  continuous  all 
around  by  lapping  the  rods  through  the  temporary  bulkheads  where 
work  stopped  for  the  day.  This  work  was  done  without  losing  any 
ground. 

The  design  and  construction  of  all  the  work  here  described  was 
under  the  direct  supervision  of  Mr.  Charles  M.  Jacobs.  Chief  Engi- 
neer. Mr.  1.  V.  Davies.  Deputy  Chief  Engineer,  Mr.  G.  D.  Snyder, 
Principal  Assistant  Engineer,  and  Mr.  R.  S.  Courtney  and  Mr.  V. 
Messiter,  Work  Managers. 

My  own  position  was  Assistant  Engineer  in  charge  of  rein; 
concrete  design,  and  while  holding  that  position  I  designed  Caisson 
No.  1  and  part  of  the  Hoboken  Terminal.     Later  I  was  Superin- 
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tendent  of  Concrete  Construction  in  direct  charge  of  most  of  the 
construction  herein  described. 

DISCUSSION. 

Mr.  John  M.  Ewen}  m.w.s.e:  I  would  ask  Mr.  Torrance  how 
the  tunnel  for  the  Erie  tracks,  running  along  to  Jersey  City,  was  con- 
structed? Were  the  caissons  made  and  sunk  the'  same  as  in  the 
other  cases  shown  ? 

.1/;-.  Torrance:  The  tunnels  were  driven  in  the  railroad  yards  in 
the  same  manner  as  under  the  river,  the  theory  being  that  the  cir- 
cular tunnel  will  maintain  its  shape  on  account  of  the  near  equality 
of  pressure  from  all  sides.  Of  course,  where  we  had  to  make  the 
tunnel  wider  than  high  we  had  to  use  some  other  design,  in  order 
to  take  care  of  the  extra  weight  above  and  below  as  compared  to 
that  at  the  sides.  The  circular  driven  tunnels  are  used  everywhere 
for  single  track  use. 

President  Loweth:  What  were  the  dimensions  of  the  largest 
caisson  ? 

Mr.  Torrance:  The  length  was  106  ft.  and  the  width  46  ft.  That 
>n  was  sunk  without  using  compressed  air. 

Mr.  W.  B.  Jackson,  m.w.s.e.:  I  understood  Mr.  Torrance  to  say 
that  they  were  able  to  reduce  the  expense  a  good  deal  by  not  using 
compressed  air.  Can  he  give  us  an  idea  of  the  proportionate  amount 
of  this  saving? 

Mr.  Torrance:  The  cost  of  concrete  construction  was  practically 
the  same  per  unit.  Of  course  the  largest  caisson  cost  more  than 
either  of  tne  other  caissons,  but  on  the  cost  of  the  sinking  there  was 
saved,  roughly,  one-third,  or  somewhere  between  one-third  and  one- 
half  of  the  cost  of  our  labor. 

{'resident  Loweth:  Was  there  not  a  great  saving  in  time,  made 
by  that  method  ? 

Mr.  Torrance:  Not  so  very  much,  largely  because  of  the  obstacles 
encountered,  in  the  way  of  unexpected  rock  which  had  to  be  taken 
care  of.  Also,  in  the  first  place,  a  tvpe  of  pump  was  selected  which 
proved  to  be  unsatisfactory,  and  twice  during  the  work  the  caissons 
filled  with  water  which  had  to  be  pumped  out  before  work  could  be 
resumed. 

Mr.  J.  M.  Ewen:     What  air  pressure  was  used? 

.Ur.  Torrance:  Up  to  28  pounds  per  square  inch,  in  Caissons  Nos. 
I  and  2. 

Mr.  J.  M.  Ewen:  Did  the  men  experience  any  difficulty  in  work- 
ing at  that  high  pressure  ? 

Mr.  Torrance:  There  was  very  little  trouble  in  the  caissons  with 
the  men  working  under  compressed  air ;  the  large  space  seemed  to 
have  some  effect  in  aiding  them  to  stand  it.  In  the  tunnels  the  men 
were  affected  more  than  in  the  caisson  work.  In  the  tunnel  there 
was  a  good  deal  of  leakage  and  the  air  to  make  up  the  loss,  coming 
fresh  from  the  compressor,  would  be  hot,  sometimes  as  high  as  90 
deg.  Fahr. 
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Mr.  J.  M.  Ewen:  How  long  at  one  time  did  the  men  work  under 
that  pressure  ? 

Mr.  Torrance:  They  worked  eight  hours  per  day,  but  were  really 
not  in  the  caisson  longer  than  four  hours  at  a  time.  Shifts  Mattel 
at  eight  A.  M.  and  four  P.  M.  and  at  midnight. 

Mr.  T.  L.  D.  Hadwen,  m.w.s.k.  :  You  made  use  of  a  low  unit 
compression  stress  for  the  concrete.  Do  I  understand  you  to  say  it 
was  only  500  pounds? 

Mr.  Torrance:     Yes,  that  is  right  for  the  Hoboken  tunnel. 

Mr.  Hadwen:    Was  that  unit  stress  used  also  on  the  caisson  work? 

Mr.  Torrance:  We  used  a  somewhat  higher  stress  on  the  caisson 
work  because  the  heaviest  stresses  were  the  temporary  ones.  We 
used  25.000  pounds  in  the  steel. 

President  Loweth:  For  permanent  work  the  assumed  unit  -train- 
in  the  steel  reinforcement  were  16,000  lbs.  per  sq.  in.,  and  where  the 
stresses  were  merely  temporary  during  construction,  unit  -train-  .»i 
25,000  lbs.  were  allowed!    Is  that  correct? 

Mr.  Torrance:  Yes.  sir,  as  in  caisson  Xo.  1  it  was  designed  as  an 
alternate  to  the  steel  design  in  which  those  units  had  been  employed. 

President  Loweth:  Even  with  those  high  strains  you  hail  no 
cracks,  I  believe. 

Mr.  Torrance:  We  did  not  even  have  any  hair  cracks,  although 
when  we  started  the  sinking,  the  concrete  was  green.  In  Caisson 
Xo.  3.  the  first  concrete  placed  weighed  about  3,000  tons,  and  while- 
placing  it,  the  caisson  sank  over  7  ft.,  plowing  it-  way  down  and 
without  cracking. 

Mr.  Ernest  McCullough,  m.w.s.e.  :  In  reference  to  the  low  unit 
stress  mentioned  by  Mr.  Hadwen.  for  the  concrete,  this  stress  de- 
pends upon  the  value  chosen  for  the  ratio  between  the  moduli  of 
elasticity  of  the  steel  and  the  concrete,  which  i-  termed  "n."  Mr. 
Torrance  stated  that  this  value  of  "n"  was  taken  as  10  in  his 
formula,  thereby  making  it  possible  to  get  a  value  of  500  pounds 
fibre  stress  in  the  concrete,  and  16,000  pounds  per  square  inch  in  the 
steel.  If  he  had  used  the  value  of  "n"  equal-  12.  as  required  by  the 
building  ordinances  of  the  city  of  Chicago,  he  would  have  been  un- 
able to  use  a  higher  stress  than  10.000  pounds  in  the  steel,  if  he  had 
used  500  pounds  in  the  concrete.  Using,  then,  this  raio  as  re- 
quired bv  the  Chicago  building  ordinance,  the  actual  stress  in  this 
concrete  is  nearer  580  pounds  than  it  is  500  ponuds. 

Mr.  Torrance:  In  the  design  of  the  Hoboken  terminal  the  table 
for  value  of  "K"  as  determined  bv  Prof,  fohnson,  for  "n"  =  IO,  was 
used.  For  myself  I  am  too  unfamiliar  with  the  derivation  of  the 
formulae  to  properly  discuss  whether  this  is  strictly  correct,  but  of 
course  that  "K,"  was  used,  which  gave  the  greater  amount  of  steel, 
whether  it  wa-  "Kc"  or  Ks. 

Mr.  McCullough:    Was  any  investigation  made  a-  to  the  possible 
disintegrating  effect  of  the  concrete,  where  the  rods  were  in  the  - 
on  account  of  the  skin  friction  ? 
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Mr.  Torrance:  We  did  not  consider  that  at  all.  There  was  un- 
doubtedly some  such  strain,  but  our  boards  were  planed.  In  caissons 
Nos.  I  and  2  especially,  there  was  hardly  any  skin  friction.  It  went 
down  with  compressed  air,  buoying  it  up,  and  the  bubbling  of  air 
and  water,  on  all  sides,  prevented  skin  friction  being  very  great. 

Mr.  McCullough:  It  seems  to  me  there  would  be  some  disintegrat- 
ing effect. 

Mr.  Torrance:  In  designing  caisson  No.  3,  the  designer  in  the 
main  office  of  the  Company  used  smaller  angles  and  did  not  provide 
threaded  holes  for  the  rods.  We  spaced  the  rods  out  bv  means  or 
boards,  fastened  to  the  lagging,  which  boards  were  removed  as  the 
concrete  arose.  The  designer  was  afraid  that  water  would  get  to  the 
rods  from  the  outside  along  the  angles,  if  they  were  used  as  in 
Caissons  No.  1  and  No.  2. 

Mr.  McCullough:  I  think  that  this  method  of  spacing  with  the 
boards,  without  fastening  the  rods  to  them,  is  better,  for  fastening 
the  rods  to  channels  attached  to  the  caisson  sheeting  would  cer- 
tainly affect  the  material  if  the  sheeting  moved,  and  would  put  some 
initial  stress  on  the  steel. 

Mr.  M.  F.  Ewen,  m.w.s.e:  In  regard  to  that  wet  concrete,  where 
you  speak  of  having  gone  in  up  to  your  knees;  how  long  did  it  take, 
for  it  to  set  ? 

Mr.  Ton  ance:  The  first  concrete  in  Caisson  Xo.  1  was  put  in,  in 
January  at  a  temperature  of  about  35  deg.  Fahr.  That  concrete,  was 
very  slow  in  setting,  on  account  of  the  cold  weather.  The  cement 
was  some  we  had  had  on  hand  for  sometime,  which  added  to  the 
slowness  in  setting.  In  one  place  I  saw  a  man  go  in  up  nearly  to 
his  waist  after  the  concrete  had  been  deposited  nearly  24  hours, 
In  summer,  however,  when  the  other  two  caissons  were  constructed, 
some  of  it  set  so  rapidly  that  one  could  walk  on  it  inside  of  five  or 
six  hours. 

.1/;-.  M.  F.  Ewen:  What  was  the  reason  for  changing  the  cutting 
edges  ? 

Mr.  Torrance:  The  cutting  edges  of  Caissons  No.  1  and  Xo.  2, 
were  badly  wrecked  on  the  way  down  ;  the  rivets  would  break  and 
the  two  plates  would  separate  from  each  other,  making  a  wreck  of 
the  cutting-edge  by  the  time  it  got  down  to  the  bottom.  We  left 
six  inches  width  at  the  bottom  of  Caisson  No.  3  so  we  could  have  a 
place  to  block  up  under. 

President  Loweth:  How  efficient  was  the  waterproofing  in  mak- 
ing the  caisson  water  tight?  Was  the  tightness  due  to  the  good 
quality  of  concrete  or  to  the  waterproofing? 

Mr.  Torrance:  We  did  not  do  anything  to  the  waterproofing  ex- 
cept to  use  1:2:4  concrete;  we  made  the  work  continuous.  There 
was  no  waterproofing,  but  the  caissons  were  very  tight.  There 
were  one  or  two  leaks  in  caisson  Xo.  2,  and  the  Superintendent  in 
charge  of  the  sinking,  drilled  a  hole  out  through  that  place  and 
pumped  grout  through  until  he  stopped  the  leaks.    That  method  was 
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followed  a  good  deal,  especially  in  the  enlargements  under  th< 

of  New  York,  where  the\  enlarged  Erom  the  inside,  by  patch-wo 

In  Hoboken  we  used  the  waterproofing  envelope. 

President  Loweth:     Was  the  waterproofing  successful? 

Mr.  Torrance:  I  might  say  almost  perfectly  successful.  About 
all  the  water  that  comes  into  the  whole  Hoboken  terminal,  could  be 
put  through  a  :m  inch  pipe.  There  were  a  few  leak,  where  our 
work  joins  on  to  the  D.  L.  &  \Y.  property.  At  that  junction  where 
felt  waterproofing  joined  on  to  our  asphalted  burlap  method,  some 
considerable  leakage  occurred.  We  gave  up  trying  to  stop  it  there, 
and  embedded  pipes  under  the  surface  to  collect  it.  carrying 
down  through  the  floor  and  let  it  run  into  the  ballasl  of  the  track. 
But  for  the  most  part,  the  waterproofing  was  successful. 

President  Loweth:     The  speaker  is  of  the  opinion  that  the  1 
way  to  make  concrete  waterproof  is  to  make  it  of  excellent  quality. 

Mr.  Torrance:  When  we  put  in  the  invert  of  Caisson  No.  i.  there 
was  some  talk  about  waterproofing  that.  We  made  some  tests  on 
some  waterproof  cement,  and  concluded  that  ordinary  Portland 
cement  was  about  as  good  as  waterproof  cement.  The  manipulation 
is  of  more  importance  than  the  so-called  waterproofing  qualities 
of  the  cement.  It  was  finally  decided  to  use  ordinary  Portland 
cement  in  the  bottom — with  the  I  \2:\  mixture.  This  proved  entireK 
successful. 

Mr.  C.  R.  Dart,  m.w.s.e.  :  I  have  not  been  able  to  make  con- 
crete absolutely  waterproof  on  account  of  the  joints.  I  have  not 
used  much  concrete  of  the  i  .2:4  mixture,  most  of  what  I  have  used 
being  1:2^:5  and  1  13 :6.  In  the  Chicago  river  we  have  made  our 
pits  watertight  by  lining  with  grout,  making  a  continuous  lining, 
and  have  had  fairly  satisfactory  results.  In  one  or  two  cases  a  little 
too  much  mortar  was  used,  which  made  the  lining  porous,  but  we 
have  had  very  little  leakage.  In  one  case  we  tried  a  steel  lining, 
which  was  not  successful.  Our  best  results  were  at  Dearb  irn  Street 
bridge,  which  has  practically  no  leakage. 

Mr.  Hadwen:  Referring  to  the  summer  work,  where  they  had 
that  large  area  of  concrete,  could  they  get  it  in  place  and  the  next 
layer  of  concrete  started  without  having  a  joint?  Were  there  not 
some  horizontal  joint- ~" 

Mr.  Torrance:  If  there  were  any  horizontal  joint-,  they  did  not 
give  us  anv  trouble.  We  always  managed  to  cover  any  place  which 
was  about  to  set  hard,  before  it  was  reallv  hard,  and  make  a  joint 
as  small  as  possible.  We  took  pains  to  have  men  walk  in  it  an  1 
make  it  rough  on  the  surface  when  taking  initial  set.  so  there  would 
be  more  or  less  of  a  bond  with  the  new  c  >ncrete  when  it  should  be 
put  on.  In  the  summer  time,  on  account  of  anticipating  that  there 
would  be  trouble  like  that  mentioned,  it  was  put  in  faster.  We  put 
in  the  second  deck  of  caisson  No.  2  in  nine  shifts— four-and-a-half 
days,  working  two  shifts,  doing  that  1.500)  yards  of  concrete  in 
those  nine  shifts,  so  a-  to  avoid  the  trouble  spoken  of. 


THE  HEAT  LOSSES  FROM  STEAM  TURBINES 

AN    EXPLANATION 

Editor  J  on  nuil  Western  Society  of  Engineers. 

In  the  Journal  for  August,  1908,  Vol.  XIII,  page  549,  Prof.  J.  C.  Thorpe, 
in  a  paper  on  steam  turbines,  listed  the  energy  losses  occurring  with  turbines 
as  follows  : 

1.  Friction  between  the  steam  and  the  metallic  surfaces,  both 
stationary  and  moving 10%     12% 

2.  Friction  due  to  eddy  currents 5%       7% 

,3.     Resistance  to  the  rotation  of  moving  parts  in  the  atmos- 
phere of  steam,  called  "windage" 6%       8% 

4.  Mechanical   friction   in   journal   bearings,   glands,   stuffing 

boxes,  etc 5%     10% 

5.  Leakage  through  clearance  spaces,  glands,  etc 3%       7% 

6.  Radiation  loss 

7.  Residual  velocity  in  exhaust 

4%     8% 
In  discussion  on  page  571,  I  stated — 

I  think  it  unfortunate  that  as  a  general  thing  there  has  been  so  little  dis- 
cussion of  the  factors  which  influence  efficiency  with  turbines.  After  all, 
when  the  matter  is  summed  up,  it  would  appear  there  are  only  three  pos- 
sible sources  of  loss,  to-wit : 

a.  Heat  in  the  exhaust, 

b.  Radiation  from  the  exterior  of  the  machine, 

c.  Velocity  in  the  exhaust, 

and  strictly  speaking,  I  do  not  think  that  Items  1,  2,  3,  4  and  5  given  as 
losses  on  page  549  of  the  paper,  should  be  so  considered  for  the  following 
reasons : 

Friction  between  steam  and  the  metallic  surfaces  must  result  in  the 
generation  of  heat.  This  heat  is  either  returned  to  the  steam  flowing 
through  the  machine  or  else  radiated  away  from  the  exterior  of  the  casing, 
but  inasmuch,  however,  as  it  cannot  raise  the  temperature  of  the  turbine 
casing  from  that  due  to  normal  condition,  it  could  not  contribute  to  the 
radiation  loss,  therefore  the  heat  would  find  its  way  into  the  steam  to  be 
transferred  into  work,  or  else  would  escape  with  the  exhaust.  The  same 
reasoning  applies  to  friction  due  to  eddy  currents,  likewise  the  resistance 
of  the  steam  to  rotation  known  as  windage. 

Later,  Prof.  G.  A.  Goodenough  in  a  written  communication  appearing  on 
page  574,  said  : 

In  the  question  brought  up  by  Mr.  A.  Bement  regarding  the  losses  in  the 
steam  turbine,  we  must  take  issue  with  Mr.  Bement's  statement  that  Items 
1,  2,  3.  4  and  5  of  page  549,  should  not  be  considered  as  losses.  Take  the 
case  of  Item  3,  Resistance  to  the  Rotation  of  Moving  Parts  in  Atmosphere 
of  Steam,  or  Windage.  Here  work  is  converted  into  heat,  and  as  Mr. 
Bement  states,  the  heat  is  returned  to  the  steam  in  subsequent  stages.  To 
be  sure,  there  is  no  loss  of  energy;  that  is,  our  law  of  conservation  of 
energy  is  not  violated.  There  is,  however,  a  loss  of  availability;  that  is, 
the  heat  that  has  been  produced  by  the  work  can  in  no  way  in  the  subse- 
quent stages  be  made  to  give  back  the  work  that  was  expended  in  gen- 
erating- it.  In  fact,  it  can  be  made  to  give  back  only  a  very  small  fraction 
of  that  work. 

For  example,  suppose  that  in  a  given  stage  10,000  foot-pounds  of  work 
are  expended  in  windage.    This  means  that  the  equivalent  of  10,000  foot- 
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pounds  is  produced  as  heat  at   some  definite  temperature      Now   if  tlir 
thermodynamic  efficiency  of  the  turbine  reaches  the  high  value  of 
then  not  more  than  20%  of  the  10.000  fool  pounds  can  b 
work;  the  remaining  80%  must  inevitably  be  lost. 

The  same  statement-  may  be  made  <>\  the  other  items,  Friction  betv 
the  Steam  and  Blades.  Friction  Due  to  Eddy  Currents,  etc.    These  ' 
are  good  example-  of  the   real   meaning  of  the  second   law  of  tli 
dynamics,  or  in  a  broad  sense,  the  law  of  degradation  of  \11  of 

these  frictional  pn  cesses  are  irreversible  and  give  rise  to  a  certain  loss  of 
availability. 

A  superficial  reading  of  the  discussion  might  convey  the  idea  thai  my  rea- 
sonings are  at  fault,  which  could  not  occur  bad  Prof.  Goodenough  followed 
the  matter  further.    Thus  the  problem  may  profitably  have  additional  attention. 

It  is  first  necessary  to  obtain  a  definite  understanding  of  what  may  strictly 
be  defined  as  losses.  Following  this  inquiry  it  is  apparent  that  energy  passes 
from  the  turbine  as  follows: 

To  the  electric  generator, 

As  heat  in  the  exhaust  steam. 

As  radiation  of  heat  from  the  exterior  of  the  machine. 

As  velocity  in  the  exhaust, 

The  sum  of  the  four  being  100%. 

In  the  first  no  loss  occurs  because  energy  is  imparted  to  the  generator  and  is 
usefully  expended.  The  other  three  do  no  useful  work  and  are  therefore 
losses,  and  as  these  four  paths  for  the  flow  of  energy  are  the  only  ones  from 
the  turbine,  it  must  necessarily  follow  that  the  sum  of  the  three  latter  con- 
stitute the  total  loss.  It  makes  no  difference  how  unfavorable  conditions  may 
be  inside  the  turbine,  they  do  not  constitute  losses,  because  a  condition  of  loss 
cannot  exist  until  the  energy  has  left  the  turbine,  and  it  is  the  fact  of  its 
leaving,  that  constitutes  the  loss.  Prof.  Goodenough  concedes  this  point  by 
saying,  "To  be  sure,  there  is  no  loss  of  energy ;  that  is,  our  law  of  conserva- 
tion of  energy  is  not  violated." 

Thus  at  this  point  these  frictional  effects  have  expended  themselves  and  are 
at  an  end,  and  the  result  is  that  the  energy  generated  thereby  is  in  the  form 
of  heat  in  the  steam,  thus  not  lost.  It  therefore  necessarily  follows  that  these 
frictional  effects  are  not  losses,  as  has  been  stated. 

But  this  energy  which  is  in  the  form  of  heat  in  the  steam,  shares  the  same 
fate  as  the  heat  which  comes  direct  from  the  boiler,  because  the  turbines  are 
able  to  recover  only  a  small  part  of  it. 

It  therefore  seems  clear  that  while  these  frictional  effects  are  not  losses, 
they  are  undesirable  conditions,  or  in  other  words,  are  operations  which  cause 
losses  to  occur,  instead  of,  strictly  speaking,  being  themselves  losses.  It  would 
probably  make  the  matter  clearer  to  many  of  us  if  this  is  realized,  and  it 
would,  no  doubt,  be  more  to  the  point  if  instead  of  classifying  these  effects 
as  losses,  they  be  considered  as  conditions  which  result  in  losses. 

Very  truly  yours. 

(Signed)     A.  Bement. 


IN  MEMORIAM 
Elbridge  Harlow  Beckler. 
August  26,  ic, 


Elbridge  Harlow  Beckler  was  born  in  Boston,  Mass.,  October  16, 
1854.  and  moved  with  his  parents  when  about  9  years  of  age,  to 
Livermore  Center.  Maine.  Previous  to  entering  the  Maine  State 
College,  at  Orono.  he  had  taken  a  preparatory  course  in  the  Maine 
Wesleyan    Seminary,   at   Rents'    Hill,    where   his    special  ability   in 


mathematics  had  carried  him  so  far  beyond  the  regular  classes  that 
he  was  enabled  to  enter  the  Junior  class  in  college,  from  which  he 
graduated  in  the  year  1876,  with  the  degree  of  Civil  Engineer. 

In  the  spring  of  1877  he  went  to  Minnesota  to  seek  work  in  rail- 
way construction,  but  finding  it  necessary  to  take  up  any  work  that 
offered,  on  account  of  the  slow  recovery  in  business  conditions  from 
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the  panic  of  [873,  he  spent  the  next  two  year-  in  teaching,  farming, 
surveying  and  map  making.     His  railway  career  dates   from   1- 
when  Ik-  became  Transitman  and  Assistant  Engineer  on  the  St.  Paul, 
Minneapolis  &  Manitoba  R.  R..  at  Fergus  Falls,  Minn.     In  the 
lowing  year  he  entered  the  employ  of  the  Northern  Pacific  Raih 
as  Locating  Engineer.     The  road  was  then  constructed  to  a  point 
ah  ut  60  mile-  west  of  Mandan,  \.  1)..  and  the  major  portion  of  the 
location  westward,  from  where  Glendive,  Montana,  is  now  situal 
alon^  the  valley  of  the  Yellowstone  River  and  beyond  to  He! 
.Montana,  a  distance  of  aboul  400  miles,  was  made  by  parties  under 
Mr.  Heckler'-  charge.     Following  the  completion  of  this  portion  of 
the  location  he  was  placed  in  charge  of  forty  miles  of  the  hea\ 
construction  on  the  line,  including  the  3,610  foot  tunnel  at  Bozeman 
Pass.     His  connection  with  the  Northern  Pacific  la-ted  from  iS> 
1886,  with  the  exception  of  six  months  in   [884.  when  he  was  en- 
gaged in  location  and  construction  for  the  Canadian  Pacific  Railway 
along  the  Kicking  Horse  River,  west  of  the  summit  of  the  Rocky 
Mountain-.      During  this'  peri  die  construction   of  a  bri 

6.000  feet   in  length  aero--   St.  Louis   Raw   for  the  entrance  of  the 
Northern   Pacific  into  Duluth,  Minn.,  was  placed  in  his  ch; 

In  1886  Mr.  Beckler  entered  the  service  of  the  Great  Northern 
Railway,  in  the  location  of  the  Montana  Central,  which  was  the  be- 
ginning of  the  Great  Northern  extei  Rising 
rapidly  through  the  positions  of  Locating  Engineer,  Assistant  En- 
gineer and  Assistant  Chief  Engineer,  in  [889  lie  was  made  Chief 
Engineer  in  charge  of  the  entire  work  to  the  coast,  about  1,000 
miles,  from  Central  Montana  to  Puget  Sound.  In  this  position, 
which  he  held  to  the  completion  of  the  work  in  [892,  he  accomplished 
the  most  notable  achievement  of  his  life. 

In  1893,  after  fourteen  year-  of  constant,  active  engineering  work 
in  the  west.  Mr.  Beckler  moved  to  Chicago,  111.,  and,  making  this 
city  his  headquarters,  engaged  in  various  pieces  of  work  in  the  line 
of  his  profession,  acting  principally  as  Consulting  Engineer.  During 
thi-  period  he  constructed  a  narrow-gauge  railroad  in  Arizona  for 
the  United  Verde  Copper  Company. 

In  1896  he  entered  the  service  of  Win-ton  Brothers,  contractor-. 
and  remained  in  their  service  until  i<>02,  when  he  became  a  stock- 
holder and  director  in  Winston  Brothers  Company,  a  corporation 
formed  by  the  reorganization  of  Winston  Brothers.  At  the  time 
of  his  death  he  was  actively  engaged  in  the  work  of  his  company  in 
connection  with  the  coast  extension  of  the  Chicago,  Milwauke< 
St.  Paul  Railway.  Among  his  other  duties  in  this  connection  was 
the  supervision  of  the  work  on  the  tunnel  through  the  Bitter  Root 
Mountains  at  St.  Raul  Pass,  in  Shoshone  County,  Idaho,  and  he- 
should  share  in  the  credit  for  the  record-breaking  ;  recently 
reported  on  this  work.  For  work  of  this  character  he  was  excel- 
lently qualified  by  his  past  experience  in  tunnel  building  <>n  the 
Northern  Pacific  and   Great    Northern   Railwavs.     His   death 
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sudden,    with    no    forewarning,    and    was    caused    from    cerebral 
hemorrhage. 

Mr.  Beckler  was  married  in  1880  to  Miss  Mera  Rogers  of  Rich- 
mond. Maine,  who.  with  two  daughters,  now  residing  in  Chicago, 
survives  him. 

Mr.  Beckler  was  a  member  of  the  Western  Society  of  Engineers, 
the  American  Society  of  Civil  Engineers,  and  an  honorary  member 
of  the  Montana  Society  of  Engineers,  of  which  latter  society  he  was 
a  charter  member,  and  which  he  was  largely  instrumental  in 
organizing. 

A  more  fitting  tribute  cannot  be  paid  to  the  life  and  character  of 
our  deceased  member  than  by  quoting  the  following  words  from  a 
personal  letter  of  condolence  written  by  Mr.  Chas.  J.  Morse  to 
Mrs.  Beckler: 

"My  acquaintance  with  Mr.  Beckler  began  at  Helena,  Montana, 
when  he  was  Chief  Engineer  of  the  Great  Northern  Railway,  and 
I  was  Consulting  Engineer  of  the  Edgemoor  Bridge  Company,  and  it 
was  in  connection  with  the  building  of  the  Columbia  River  Bridge. 
I  traveled  with  him.  overland,  along  the  unfinished  line  of  railroad, 
to  the  site,  spent  several  weeks  in  professional  intimacy,  and  w-e 
became  quite  intimate  friends  from  the  beginning.  I  had  and  have 
always  had  a  very  great  respect  for  his  professional  attainments, 
experience,  origina'ity  and  courage  ;  and  I  had  and  have  a  still  deeper 
regard  for  his  high  ideals,  his  devotion  to  right  and  duty,  his  scrupu- 
lous integrity,  bis  keen  sense  of  justice,  and  all  those  fine  qualities 
of  mind  and  heart  which  go  to  form  that  highest  attainment  and 
richest  legacy  of  this  life — character." 

W.  C.  Armstrong, 
W.  H.  Finley, 
YV.  O.  Winston, 

Committee. 


Zimri  Allen  Enos. 


Zimri  Allen  Enos  died  at  his  home  in  Springfield,  Illinois,  Decem- 
ber 8,  1907,  at  the  age  of  86  years.  He  was  born  in  St.  Louis, 
Missouri,  September  29,  1821.  At  the  age  of  2  years  the  family 
moved  to  Madison  County,  Illinois,  and  a  little  later  following  his 
father's  appointment  as  Receiver  of  Public  Lands  in  the  Springfield 
District,  the  family  moved  to  Sangamon  County.  Illinois.  Here  the 
father,  in  company  with  his  associates,  laid  out  the  town  of  Calhoun, 
now  Springfield. 

His  father  died  when  the  lad  was  11  years  of  age.  His  early 
mental  training  was  acquired  in  a  log  school  house,  but  later  he 
became  a  student  in  Springfield  Seminary,  the  Jesuit  University  of 
St.  Louis,  and  Illinois  College  of  Jacksonville.  His  desire  to  follow 
civil  engineering  as  a  profession  led  him  to  choose  studies  that  would 
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be  of  most  benefit  to  him.    I  [owever,  after  leaving  school  he  entered 

the  law  office  of  Baker  and  r;ie(U> a-  and  finally  was  admitted  to  the 
bar.  At  that  time  the  Springfield  Bar  numbered  among  it-  members 
some  of  the  most  noted  and  eminent  members  of  the  legal  profession, 
including  Abraham  Lincoln,  Stephen  A.  Douglas,  Stephen  T.  Logan, 
Lyman  A.  Trumbull  and  others. 

After  a  time,  however,  he  left  the  profession  of  the  law  to  be 
a  commission  merchant,    lie  followed  the  commission  business  about 

three  years  and  then  resumed  the  pursuit  which  claimed  his  attention 
in  his  earlier  year- — surveying  and  civil  engineering,  tie  filled  the 
position  of  County  Surveyor  of  Sangamon  Count)  for  two  terms, 
served  as  alderman  ten  year-,  and  for  a  similar  period  was  a  mem- 
ber of  the  Board  of  Education,  largely  promoting  the  cause  of  sch 
through  his  earnest  and  effective  efforts. 

In  1846  he  married  Miss  Ague-  D.  Trotter.  Unto  Mr.  and  Mr-. 
Enos  were  born  six  children — four  sons  and  two  daughters — all  of 
whom  are  living  except  one  son,  William.  Mrs.  Enos  died  in  May, 
1906,  at  the  age  of  71  year-.  One  son.  Allen  '/..,  i-  Count)  Surveyor 
of  Sangamon  County,  and  another  son,  George  T..  is  associated  with 
him  in  this  office. 

On  November  6,  1878.  .Mr.  Enos  became  a  member  of  the  Civil 
Engineers'  Club  of  the  North  West,  now  the  Western  Society  of 
Engineers,  and  for  nearly  thirty  years  he  was  an  honored  member 
of  this  Society. 

Mr.  Enos  presented  one  paper  before  this  Societv  on  "'The  Proper 
Mode  of  Subdividing  a  Full  Government  Quarter  Section.'"  and  sev- 
eral papers  written  by  him  for  the  Illinois  Society  of  Engineer-  and 
Surveyors,  of  which  he  was  a  member,  are  of  much  interest : 

"The  Subdivision  of  Fractional  Quarter  Section-.  What  i-  a  "Half- 
quarter  Section,  viz..  80  Acres.'  Applied  to  Fractional  Quarter 
Sections?" 

"What  are  the  Principles  and  Rules  of  Law  that  are  to  Determine 
the  Exterior  Boundaries  of  the  Government  Township?" 

"By  what  Mode  are  the  Unestablished  Quarter  Section  Corni 
the  Township  and  Range  Lines  to  be  Made  for  the  Fractional  Sec- 
tions along  those  Lines?" 

"The  True  Exterior  Boundaries  of  Townships." 

"By  what  Rules  of  Law  are  Course.  Distance,  and  Area  I  roverned, 
in  the  Subdivision  of  the  Government  Sections?" 

"Consideration  of  a  Law  Compelling  the  Recording  of  Private 
Surveys." 

"The  Early  Surveyors  and  Surveying  in  Illinois." 

These  papers  contain  much  of  value  to  surveyors.  The  paper  on 
the  "Early  Surveyor-  and  Surveying  in  Illinois,"  i-  of  special  interest 
since  it  contains  a  fac-simile  of  an  opinion  of  Abraham  Lincoln  on 
the  proper  method  of  subdividing  a  section  of  land:  also  fac  simile 
of  a  survey  made  by  Abraham  Lincoln  in   [836. 

Mr.  Enos  was  a  prominent  Mason.     The  funeral  services  al  the 
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residence  and  die  grave  were  in  charge  of  Elwood  Commandery  of 
the  Knight  Templars,  of  which  he  was  a  member. 

In  life  he  was  a  well  preserved  man  and  apparently  hale  and  heartv 
up  to  within  two  days  of  his  death.  He  was  ever  deeply  interested  in 
whatever  pertained  to  the  intellectual,  material  and  moral  develop- 
ment of  the  community.  His  life  grew  richer  and  stronger  with 
passing  years — stronger  in  those  qualities  which  are  the  basis  of  an 
honorable  manhood  and  which  command  respect  and  honor  in  every 
land  and  clime.  Xo  history  of  Springfield  would  be  complete  without 
the  mention  of  this  man,  who  was  not  only  one  of  the  revered  pa- 
triarchs of  the  community  and  one  of  her  oldest  citizens,  but  also 
because  his  life  has  ever  been  honorable,  his  actions  sincere  and 
unaffected,  and  his  loyalty  and  friendship  above  question. 

F.  G.  Ewald, 
E.  C.  Carter, 
L.  P.  Morehouse, 

Committee. 


PROCEEDINGS  OF  THE  SOCIETY. 
MINUTES  OF  THE  MEETINGS 

Regular  Meeting,  September  j,   [908 

A  regular  meeting  of  the  Society  (  No.  637)  was  held  Wednesday  evening, 
September  _'nd.  in  the  new  quarters  on  the  seventeenth  floor  of  the  Monad- 
nock  Block. 

The  meeting  was  called  to  order  at  8:25  p.  m..  with  President  Loweth  in 
the  Chair,  and  about  55  members  and  guests  present.  The  reading  of  the 
minutes  of  the  June  meeting  was  dispensed  with  by  consent,  as  they  had 
been  published  in  the  June  Journal. 

The  Secretary  reported  from  the  Board  of  Direction  their  action  at  a 
meeting  held  September  1st,  of  the  election  into  membership  in  the  Society 
of  the  following : 

Grade 

S.   P.  C.  Borson,  Malta.  Mont Associate 

Wm.    L.    Six.   Chicago Active 

Laurence  P.  Ryan.  Chicago Associate 

Smith    T.    Henry,    Chicago Associate 

Also  that  an  application  for  membership  in  the  Society  had  been  received 
from   Mr.    Harry  Francis   Kellogg,   of  Chicago. 

Announcement  was  made  of  the  death  on  August  28th,  of  Mr.  E.  H.  Beck- 
ler,  of  Chicago,  an  active  member  of  the  Society.  Mr.  W.  C.  Armstrong 
offered  a  resolution  that  a  committee  of  three  be  appointed  by  the  President 
to  prepare  a  Memorial  of  this  late  member,  to  be  published  in  the  customary 
manner  in  our  Journal.  The  resolution  was  approved  by  vote,  and  the 
President  announced  the  appointment  of  Mr.  W.  C.  Armstrong,  Chairman. 
Mr.  W.  H.  Finley.  and  Mr.  W.  0.  Winston. 

There  was  no  further  business  brought  before  the  meeting,  but  President 
Loweth  congratulated  the  Society  and  the  Building  Committee  on  the  com- 
pletion of  the  work  of  preparing  the  new  quarters  of  the  Society  and  on 
being  able  to  hold  the  first  meeting  for  the  fall  and  winter  session  of  1908 
in  the  new  Assembly  Room.  He  also  stated  that  it  was  expected  to  have  a 
"house-warming."  in  the  form  of  a  "'Smoker.'"  some  evening  the  latter  part 
of  October. 

The  President  then  introduced  Mr.  H.  von  Schon,  m.w.s.k..  of  Detroit, 
who  read  his  paper  on  "'The  Analysis  of  a  Hydro-Electric  Project."  This 
paper  had  been  printed  and  sent  out  in  advance  of  the  meeting.  The  author 
made  some  blackboard  sketches  in  illustration  of  some  parts  of  his  paper, 
and  after  its  presentation  some  stereopticon  views  were  shown,  illustrating 
the  construction  of  a  hydro-electric  plant  on  the  Patapsco  river,  near  Balti- 
more, which  was  unique  in  that  the  turbines  and  electric  generators  were 
placed  within  or  under  the  concrete-steel  dam. 

Discussion  followed  from  Messrs.  L.  K.  Sherman  (by  letter).  L.  E. 
Cooley,  W.  L.  Abbott,  the  President,  and  the  author  of  the  paper.  The 
meeting  adjourned  at  10:45  P-  m- 

Regular  Meeting,  Wednesday,  October  7,  1908. 

A  regular  meeting  of  the  Society   (No.  (>.?<;>.  was  held  Wednesday  even- 
ing, October  7th.     The  meeting  was  called  to  order  at  8:30  p.  in.,  with    P 
President  Abbott  in  the  Chair,  and  about  40  members   and  guests  presenl 
The  minutes  of  the  preceding  meeting   held    September   2nd,   were   read   and 
approved.     The   Secretarv  reported  from  the   Board  of   Direction,  that  appli- 
cations for  membership  had  been   received   from: 

Arthur   M.   Houser,   Chicago Active 

Neet   C.    McCanliss.    Missoula,    Mont \ctive 
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The  Chairman  introduced  Mr.  L.  R.  Stowe,  who  presented  his  paper  on 
"Methods  of  Studying  the  Heat  Absorbing  Properties  of  Steam  Boilers," 
which  had  been  printed  and  sent  out  in  advance  of  the  meeting.  Lantern 
slide  views  were  also  shown  in  illustration.  Discussion  followed  from  Messrs. 
W.  L.  Abbott,  A.  Bement.  W.  T.  Ray,  R.  H.  Kuss,  C.  W.  Naylor,  Arthur 
Frith,  with  a  closure  by  Mr.  Stowe.     The  meeting  adjourned  about  10:30  p.  m. 

Extra  Meeting,  October  21,  1908. 

An  extra  meeting  of  the  Society,  No.  641,  was  held  Wednesday  evening, 
October  21st.  The  meeting  was  called  to  order  at  8:30  P.  M.  by  President 
Loweth,  with   about   forty  members  and  guests  present. 

There  was  no  business  to  bring  before  the  meeting,  and  Mr.  A.  N.  John- 
son, M.W.S.E.,  was  introduced,  who  presented  an  abstract  of  his  paper — 
"Specifications  and  Notes  on  Macadam  Road  Construction,"  this  paper  hav- 
ing been  printed  and  sent  out  in  advance. 

Discussion  followed  from  President  Loweth  and  Messrs.  F.  M.  Button, 
E.  N.  Layfield,  M.  G.  Nixon,  D.  W.  Roper,  and  E.  E.  R.  Tratman,  with  a 
closure  by  Mr.  Johnson. 

J.  H.  Warder, 

Secretary. 

ELECTRICAL  SECTION. 

Minutes  of  the  Meeting,  September  25,  1908. 

Minutes  of  the  Meeting  of  the  Electrical  Section,  September  25,  1908. 

The  first  meeting  of  the  Electrical  Section  No.  34  (being  No.  638  of 
the  Society),  for  the  season  of  1908-9,  was  held  Friday  evening,  September 
25th.  Owing  to  some  temporary  trouble  with  the  lighting  system  the  opening 
of  the  meeting  was  delayed  half  an  hour.  Chairman  D.  W.  Roper  presided, 
with  about  60  members  and  guests  present.  The  reading  of  the  minutes  of 
the  last  meeting  of  the  Section,  held  May  8th,  was  dispensed  with  as  they 
had  been   published  in   the  Journal. 

The  Chairman  introduced  Mr.  F.  A.  Sager.  of  The  Arnold  Company, 
who  presented  some  "Notes  on  the  St.  Clair  Tunnel  Electrification,"  with 
lantern  slide  illustrations.  The  subject  was  discussed  by  Messrs.  M.  K. 
Trumbull,  W.  L  Abbott,  P.  Junkersfeld,  D.  W.  Roper  and  Dr.  W.  A.  Evans. 
The  meeting  adjourned  about  10:45  P-  m. 

Minutes  of  the  Meeting,  October  16,  1908. 

A  regular  meeting  of  the  Electrical  Section,  No.  35,  (being  No.  640 
of  the  Society),  was  held  Friday  evening,  October  16,  1908.  The  meeting 
was  called  to  order  about  8:20  p.  m..  by  Mr.  D.  W.  Roper,  Chairman,  and 
about  60  members  and  guests  present.  The  minutes  of  the  preceding  meeting, 
held  September  25th,  were  read  by  the  Secretary  and  approved. 

The  Chairman  then  introduced  Mr.  H.  B.  Gear,  m.w.s.e.,  who  presented 
his  paper  on  "The  Development  of  an  Alternating  Current  Distributing 
System."  The  address  was  illustrated  with  lantern  slide  views.  Discussion 
followed  from  Messrs.  D.  W.  Roper,  G.  H.  Lukes,  Hayward  Cochrane,  J. 
R.   Cravath.  and  P.  Junkersfeld,  with  a  closure  by  the  author. 

The  meeting  adjourned  about  10  p.  m. 

J.  H.  Warder, 

Secretary. 

The  Excursion  to  Gary,  Indiana. 

Members  of  the  Western  Society  of  Engineers,  and  friends  had  an  en- 
joyable excursion  to  Gary,  Indiana,  on  Thursday,  October  8th,  1908.  as 
guests  of  the  Indiana  Steel  Company,  whose  plant  there,  is  now  in  course 
of  construction.  There  were  about  160  in  the  party,  who  took  the  10:45 
A.  M.  train  on  the  Lake  Shore  Road.     On  arrival  many  went  to  see  the  town 
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itself,  which  is  south  of  the  railroad.     What  had  been  a  sand  barren  with 

scrub  oaks  but  a  year  or  two  ago,   no*    presents   a    8 1   appearance   with 

paved  streets  and  side  walks,  a  sewer  system  and  water  works  under  con- 
struction, (Messrs.  Alvord  and  Burdick,  Engineers)  and  mam  substantia! 
stone,  brick  or  frame  stores  and  houses,  including  banks  and  hotels  The 
housing  accommodations  are  yet  inadequate  for  the  large  force  of  men  en 
gaged  in  the  Steel  Plant;  a  very  large  number  of  whom  live  in  adjacent 
towns,  and  as  far  off  as  South  Chi 

Lunch  to  the  party  was  served  in  the  large  dining  room  of  the  North 
Works  Inn.  At  the  conclusion  .Mr.  John  Brunner,  MAY  S  1-  .  welcomed  the 
guests  to  the  plant  in  the  name  of  the  Steel  Company,  and  to  which  Presi- 
dent Loweth  made  a  reply   for  the  Socien 

At  the  Steel  Company's  Office  Building,  near  the  entrance  t..  the  Plant 
the  party  was  met  by  Mr.  \V.  1".  Gleason,  General  Superintendent,  who  had' 
made  provision   to  take  them  through  the  \\"<>rk> 

The  company  was  divided  into  a  number  of  smaller  parties,  t"  each  of 
which  guides  connected  with  the  work-  were  assigned.  'I  he  works  are  not 
yet  manufacturing  steel,  but  a  visitor  had  all  the  better  opportunity  to  ob- 
tain an  idea  of  the  magnitude  of  the  plant  from  what  there  was  under  con- 
struction. The  Steel  plant  occupies  about  1,500  acres  out  of  a  total  of  9,000, 
belonging  to  the  companies.  A  slip  has  been  dredged  in  from  the  lak<  to 
take  in  the  ore  carriers-  from  the  upper  lakes,  and  which  are  unloaded  in  a 
very  short  time  by  the  most  approved  form  of  ore  handling  machinery. 
There  are  eight  blast  furnaces  adjacent  the  ore  docks,  and  space  provided 
for  eight  additional  furnaces  for  construction  in  the  future.  The  waste  com- 
bustible gases  from  the  blast  furnaces  will  be  washed  and  purified,  and  used 
in  large  double  gas  engines  of  2500  H.  P.  each,  for  generation  of  electrical 
energy.  This  will  be  distributed  about  the  plant,  where  it  may  be  required 
for  pov---.  Electric  motors  will  be  used  wherever  possible,  even  to  the  driv 
ing  of  the  heavy  blooming  mills  and  billet  trains.  The  steel  will  lie  made 
by  the  open-hearth  process  from  the  bast  furnace  metal,  which  will  gener- 
ally be  delivered  in  a  molten  condition  to  the  open-hearth  furnace-.  These 
are  of  60  tons  capacity,  arranged  14  in  each  of  two  large  buildings,  with 
space  reserved  for  four  additional  buildings  of  equal  size  and  capacity.  The 
Rail  Mill  and  the  Billet  Mill  are  of  very  large  size  and  laid  out  in  an  admir- 
able manner.  All  of  the  construction  work  is  of  the  very  best  and  of  a  most 
substantial  character.  But  the  afternoon  was  all  too  short  to  get  more  than 
a  very  superficial  knowledge  of  this  immense  plant. 

The  party  left  there  about  5  P.  M.  for  their  return  to  the  city,  greatly 
indebted  to  the  Steel  Company  for  the  courtesies  shown. 
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The  Principal  Species  of  Wood:  Their  Characteristic  Properties.  By  Charles 
H.  Snow,  C.  E.  John  Wiley  &  Sons.  New  York.  1908.  Second  edition. 
Revised  and  enlarged.     Price  $3.50. 

Now  that  the  unpleasant  fact  has  been  realized  that  the  ti  mrces 

of  the  United  States  are  being  depleted   some  three  or   four  times  a-   fast 
the  forest  growth  re-tores  them,  and  that  there  i-  danger  of  a  timber  famine 
within  one-third  of  a  century,  engineers  are  taking  heed.     '1  hey  are  becoming 
more  careful  in  the  selection  and  use  of  this  indispensable  material  and  they 
are  seeking  for  facts  to  guide  them  as  to  what  it  1-  besl  to  do.     Hence  a  num- 
ber of  works  have  lately  been  published  to  supply  information.     Ami  ng  these 
is  the  book  of  Mr.  Charles   11.  Snow.  Dean  of  the  School  of  Applied  Sc 
New  York  University,  which  has  been   f<  und   SO  valuable  that  a 
is  now  published,  covering  212  large  8vo  pages,     It  1-  intended  tor  those  who 
are  nrt  foresters  or  botanists,  but  who  use  woods  or  who  desire  knowli 
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of  their  distinguishing  properties.  Hence  it  condenses  the  main  facts  and  de- 
scribes nearly  five  hundred  species  of  timber  producing  trees,  giving  for  each : 

Nomenclature;  Locality;  Features  of  tree;  Color,  appearance  or  grain  of 
wood;  Weight  qualities  of  wood;  Representative  uses  of  wood;  Weight  of 
seasoned  wood  in  pounds  per  cubic  foot;  Modulus  of  elasticity;  Modulus  of 
rupture;  Remarks,  which  latter  are  frequently  of  great  interest. 

It  is  not  a  book  for  consecutive  reading,  but  one  for  reference ;  a  copious 
index  of  14  pages  and  a  well  digested  classification,  giving  the  engineer  access 
to  the  facts  which  he  needs  to  know  in  order  to  obtain  the  best  economical 
results. 

There  are  nearly  40  full  page  half-tone  illustrations  showing  the  tree — the 
foliage — and  the  wood  in  section — besides  many  smaller  engravings  through 
the  text,  which  add  much  to  the  value  of  the  book.  O.  C. 

Fowler's  Electrical  Engineers'  Pocket  Book.  Edited  by  William  H.  Fow- 
ler., M.  Inst.  C.  E.,  M.  I.  Med.  E.,  etc.  The  Scientific  Publishing  Co.,  Man- 
chester, England.  1908.  4  by  6  ins.  679  pp.,  with  index,  many  illustrations, 
diagrams  and  tables.     Price,  2s.  6d. 

This  is  an  English  book  gotten  out  in  cheap  and  popular  form.  Consid- 
erable space  is  given  over  to  advertising,  thus  appealing  to  the  commercial 
engineer,  but  introduced  among  the  reading  matter  the  tone  of  the  work  is 
thereby  lowered.  Many  of  the  uses  of  electricity  are  interestingly  described, 
as  are  also  the  principal  electrical  machinery.  Considerable  practical  informa- 
tion regarding  the  operation  of  electrical  machinery  is  also  given.  The  book 
is  a  handv  little  volume  and  the  data  in  it  will  be  found  of  considerable  value. 

S. 

Economic  Zoology  :  An  introductory  text-book  in  zoology,  with  special 
reference  to  its  applications  in  agriculture,  commerce  and  medicine,  by 
Herbert  Osborn,  M.  Sc,  Professor  of  Zoology  and  Entomology,  Ohio 
State  University.  The  Macmillan  Company,  New  York,  1908;  Cloth; 
5/4  by  7l/2  ins. ;  pp.  490,  including  ten  pages  of  index,  269  illustrations. 
Price  $2.00  net. 

The  title  of  this  book  would  not  at  first  suggest  it  to  be  one  of  consider- 
able interest  to  engineers,  yet  an  examination  will  show  much  that  is  of 
value,  particularly  in  widening  the  understanding  and  giving  information 
all  ng  the  lines  of  present  day  investigations.  The  great  extent  to  which 
animals  and  animal  products  enter  into  commercial  transactions,  in  which 
all  are  more  or  less  concerned,  is  reason  enough  for  such  a  book  as  this  and 
its  presence  in  an  engineers'  library.  It  is  a  text-book  for  college  use,  but 
it  has  a  value  to  all  intelligent  men  who  desire  to  know  the  general  prin- 
ciples and  present  status  of  knowledge  regarding  the  animal  kingdom.  The 
work  is  divided  into  twenty-one  chapters,  of  which  the  first  is  an  Introduc- 
tion, explaining  that  zoology  relates  to  animal  life,  and  in  a  broader  sense 
includes  what  pertains  to  the  life  of  an  animal,  which  term,  by  the  way,  is 
far  broader  and  more  comprehensive  than  many  might  at  first  suppose.  The 
Introduction  explains  classification  as  branches,  classes,  order,  families,  genera 
and  species;  and  succeeding  chapters  explain  the  Protozoa,  with  sub-divisions 
and  an  explanation  of  the  economic  importance  of  Protozoa.  As  the  name 
implies,  this  is  the  first  or  lowest  form  of  animal  life. 

Succeeding  chapters  describe  higher  forms  of  life,  as  Sponges ;  Worms, 
flat  and  round;  Annelida,  or  earth  worms;  the  Polyzoa;  the  Starfish;  Mol- 
lusca ;  Crustacea;  the  Arachnida  (scorpions,  spiders,  etc.);  the  Protracheata 
(or  centipede).  The  class  of  Insecta  is  a  very  large  group  of  animals  in  num- 
ber cf  species,  and  though  generally  small  in  size,  they  occupy  an  important 
position  in  the  study  of  zoology.  A  great  number  of  these  fill  an  important 
place  in  economics,  whether  as  useful  creatures  or  destructive  agencies.  Other 
chapters  consider  yet  higher  forms,  as  the  Chordata,  Vertebrata,  Pisces,  Am- 
phibia, Reptilia,  the  Birds  and  Mammalia. 
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Economic  Zoology,  as  the  title  implies,  shows  the  value  and  relation   to 

mankind  of  the  various  forms  of  animal  life,  and  when  one  has  acquired  some 
knowledge  of  the  scientific  terms  employed,  it  will  prove  to  be  a  valuable  book 

W 

Arithmetic  of  Electrical  Engineering:     By  Whittaker.     The   Macmillan 

Co.,  New  York.     Cloth.  71..  by  5  ins.;  pp.  159.     Price  50  cents. 

The  book  contains  72  worked  examples  and  300  exercises  involving  direct 
currents.  The  exercises  are  grouped  under  the  following  headings  each  of 
which  constitutes  a  chapter:  Units  of  Length  and  Mass.  Conductors  and 
Resistance,  Ohm's  Law.  \\  ork  and  Power,  Divided  Circuits.  Arrangement 
of  Cells,  Heating  Effects  of  a  Current,  Electrochemistry,  Condensers  and 
Capacity.  Transmission  and  Distribution.  Magnetic  Quantities,  Electromag 
netism,  and  Galvanometers,  Magnetization  of  Iron  and  Magnetic  Circuits. 
Generators  and  Motors.  The  exercises  are  well  graded,  and  the  definitions  of 
the  terms  are  clear  and  concise.  The  theory  involved  is  given  in  connection 
with  each  group  of  problems,  and  all  formulas  are  derived  from  the  definitions 
and  theory-. 

The  book  ought  to  be  valuable  to  students  of  electrical  engineering 

F.  A.  R. 

Practical  Irrigation*:     Its  Value  and  Cost,  with  tables  of  comparative 

relative  soil  production,  reservoir  dimensions  and  capacities,  and  other 
data  of  value  to  the  practical  farmer.  By  Aug.  J.  Bowie,  Jr.  McGraw 
Publishing  Co..  New  York.  Cloth.  6  bv  9[/>  ins.,  pp.  2?_>.  53  figures 
LXXIV  tables.     Price  $3.00. 

The  author  of  the  book  is  well  known  to  the  profession  from  his  book 
on  Hydraulic  Mining,  written  some  twenty-five  years  ago.  and  which  is  still 
a  standard.  He  has  also  written  other  fragmentary  matter  and  has  been 
employed  as  an  expert  in  irrigation  investigations  by  the  Government 
the  book  may  be  said  to  be  the  work  of  a  thoroughly  competent  man.  The 
title,  with  its  sub  sentences,  quite  accuratelv  describes  the  contents  of  the 
book.  It  should  be  of  great  value  to  engineers  residing  in  states  where 
irrigation  is  practiced,  and  nearly  every  page  can  be  read  profitably  by 
farmers,  whom  the  author  would  have  us  think  were  in  his  mind  when  he 
prepared  the  work.  One  cannot  help  but  smile  as  the  image  of  the  farmer 
who  could  digest  some  of  the  mathematical  work,  rises  before  his  mind 

The  reviewer  of  this  work  was  employed  for  many  years  on  irrigation 
work  and  so  feels  that  he  can  consistently  recommend  it  very  highl) . 
filling  a  gap  in  irrigation  literature.  It  stands  in  relation  to  some  of  the 
standard  treatises,  as  Goodell's  "Water  Works  for  Small  Cities  and  Towns'' 
stands  to  some  of  the  heavier  and  more  standard  works  on  water  supply  as 
he  takes  up  points  of  immense  importance,  interesting  to  the  investor  and 
manager  of  irrigation  enterprises,  rather  than  to  the  strictly  technical  en- 
gineer. The  trend  in  modern  engineering  literature  is  towards  economic  en- 
gineering rather  than  solely  to  the  engineer  as  a  surveyor  and  designer 
For  men  whose  inclinations  are  towards  the  business  side,  the 
will  appeal.  McC. 

Hydraulics  of  Rivers.  Weirs  and  Sluices:      By    David  A.    Molitor,  C.    I'.. 
Mem.  Am.  Soc.  C.  E.     New  York.  John  Wiley  &  Sons;   [908:  6  by  g 
135  PP-   with   index:    many   illustrations  and   tallies:    Cloth.      Price  $2.00. 
This  new  treatise  on  hydraulics  gives  "The  derivation  of  new  and  more 
accurate    formulae,    for    discharge   through    rivers    and    canals    obstructed    bv 
weirs,    sluices,   etc.,   according  to   the  principles   of  Gustav    Hitter   von    Wex." 
The  book  is  dedicated  to  the  memory  of  Hofrat  Gustav  Hitter  von  Wex,  who 
was   Chief  Director  of  the   Danube   River   Regulation   and    Improvement   at 
Vienna;  born  in  181 1  and  died  September  26th,  [892.     Hofrat  von  Wex  11 
garded  as  a  high  authority  on  hydraulic  matters  and  is  the  author  of  "Hydro- 
dynamik."  a  book  in  which  he  advanced  some  new  views  on  hydraulics  which 
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are  worthy  of  careful  study  by  engineers  engaged  in  this  line  of  work,  at 
this  time  when  water-power  development  is  attracting  so  much  attention. 

There  is  an  Introduction,  with  definitions  and  explanations  of  terms  em- 
ployed, followed  by  Chap.  I,  Fundamental  Equations;  Chap.  II,  Complete 
Overfall  Weirs ;  Chap.  Ill,  Incomplete  Overfall  Weirs;  Chap.  IV,  Sluice 
Weirs  and  Sluice  Gates;  Chap.  V,  Backwater  Conditions;  Chap.  VI,  Flow  in 
Rivers  and  Canals;  and  Chap.  VII,  Empiric  Coefficients.  Then  follows  Ap- 
pendix A.*'  a  collection  of  weir  formulae  proposed  by  different  authors  for 
complete  and  incomplete  overfalls" ;  also,  Appendix  B,  "A  Novel  Hydraulic 
Problem — the  Flow  over  a  Flight  of  Panama  Canal  Locks."  This  is  in  the 
line  of  Mr.  Molitor's  work  as  Designing  Engineer,  Isthmian  Canal  Com- 
mission. Finally.  Appendix  C  gives  "A  tabulation  of  the  new  formulae  ar- 
ranged for  ready  reference." 

The  text  is  clearly  written,  the  formulae  and  how  they -are  derived  are 
well  expressed,  and  altogether  the  book  is  a  valuable  one  for  hydraulic  en- 
gineers, though  the  author  frankly  confesses  that  further  experimentation  and 
study  of  results  are  necessary  to  settle  some  uncertain  points  for  determining 
the  value  of  some  constants  in  the  formulae  presented. 

The  topography  is  all  that  could  be  asked,  and  is  up  to  the  usual  high 
standard   of  the  Wiley   publications.  W. 

Road  Preservation  and  Dust  Prevention  :     By  William  Pierson  Judson,  M. 

Am.  Soc.  C.  E.,  M.  Inst.  C.  E.    New  York,  Engineering  News  Publishing 

Co.     Cloth,  6  by  9  ins.;  pp.   144;   16  illustrations.     Price  $1.50  net. 

The  damage  done  to  macadam  roads  by  fast  traveling  automobiles  is 
causing  alarm  all  over  the  world.  The  automobile  being  here  to  stay  neces- 
sitates a  study  on  the  part  of  highway  and  park  engineers  of  new  methods  of 
road  construction   as  well  as   methods  for  road  preservation. 

This  book  is  needed  and  well  fills  the  need.  It  contains  as  full  accounts 
as  it  is  possible  to  obtain,  of  all  the  methods  so  far  tried  in  all  countries  to 
keep  down  dust  and  retard  disintegration  of  road  surfaces.  Incidentally  it 
touches  upon  improved  methods  of  making  roads  that  are  better  able  to 
stand  fast  traveling  than  are  the  best  macadam  roads. 

As  collection  of  reliable  data  on  methods  and  materials  hardly  passed  the 
preliminary  advertising  circular  stage  this  book  is  a  welcome  addition  to  the 
library  of  the  highway  engineer. 

Practical  Reinforced  Concrete  Standards:  For  the  design  of  reinforced 
concrete  buildings.  By  H.  B.  Andrews,  M.  Am.  Soc.  C.  E.  Simpson 
Bros.  Corporation,  Boston.  1908.  Cloth;  8  by  11  ins.;  pp.  46,  mostly 
tables  and  diagrams.     Price  $2.co. 

The  literature  of  reinforced  concrete  threatens  to  become  as  voluminous 
as  works  discussing  the  tariff  and  currency  questions,  so  that  now  the  first 
question  that  the  reviewer  asks  is  '"Why  did  the  author  write  this  book?" 
The  answer  to  the  question  with  respect  to  the  book  here  under  review  is 
satisfactory.  The  book  was  prepared  by  a  busy  engineer  to  help  him  in  his 
daily  work.  That  much  is  manifest  from  even  a  cursory  examination  of  its 
pages.  It  has  evidently  been  printed  because  the  author  hoped  it  would 
prove  as  useful  to  others  as  it  had  proven  to  himself. 

It  is  an  excellent  working  handbook  of  reinforced  concrete  design.  In  a 
few  pages  the  author  presents  his  theory  of  T  beams  and  the  results  check 
with  standard  theories  and  formulas.  The  subject  of  shear,  or  of  internal 
stresses  in  beams,  is  now  a  burning  one  and  he  gives  a  very  simple  method 
for  determining  when  the  stress  in  the  concrete  reaches  the  point  where 
stirruns  must  be  used.  Then  follows  a  diagram  to  determine  the  thickness 
of  slab  and  area  of  slab  reinforcement  required  for  different  spans  and 
loadings.  , 

Then  follows  a  number  of  pages  of  tables  of  standard  sized  T  beams  and 
these  tables  contain  bending  moment,  area  of  steel,  bill  of  material  of  steel, 
area  of  concrete,  etc.     The  method  of  use  is  simple.     Having  a  certain  span 
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given  with  the  superimposed  loading  first  take   from  the  slab  diagram  the 
thickness   of  the   slab  and   area  of  steel.     Having   this  information  and  the 
span  of  the  supporting  beam  the  next  diagram  gives  the  bending  moment  for 
different  spans  with  loading  per  lineal   foot.     All  that  is  then  required  i 
look  m  the  beam  tables  and  select  a  beam  having  a  slab  of  the  proper  thick 
ness   and   designed   for   the   given   bending   moment.     On    the   same   line   is 
given  all  the  necessary  information  and  reference  is  made  to  illustrations 
the  standard  beams  so  that  the  designer  is  not  li 

For  the  man  who  has  only  occasional  work  to  do  as  well  as  the  man  who 
i-  working  on  reinforced  concrete  designing  every  day.  this  book  can  be  rec- 
ommended highly.  It  contains  useful  information  on  columns,  foundations, 
footings,  etc..  so  that  the  field  of  ordinary  building  construction  m  reinforced 
concrete  is  pretty  well  covered.     It  can  be  recommended.  E.   M 

Analysis   of    Elastic   Arches:      By  Joseph  W.  Balet.  Consulting  Engineer 

Engineering    Xews    Pub.    Co..    Xew    York.      1908.      Cloth.   >/.•    by   <>    ins.; 

pp  316.  including  index;  24  figures.     $3.00  net. 

The  author  has  divided  this  work  into  ten  chapters,  with  an  introduction 
and  an  appendix,  chapters  seven  to  ten  comprising  the  appendix. 

In  Chapter  I.  the  author  discusses  the  various  forces  in  the  arch  and  is 
in  the  nature  of  an  introduction  to  the  subject  as  a  whole.  Chap.  II  t 
up  special  combinations  of  forces  which  are  demonstrated  by  a  graphical 
computation  of  the  stresses  in  three  hinged  arches  of  various  forms,  while 
Chap.  Ill  is  similar  to  Chap.  II.  dealing  with  two  hinged  arches  of  various 
forms,  as  relating  to  the  displacement  theory  and  of  the  elastic  theory. 
Chap.  IV  is  devoted  to  the  application  of  the  elastic  theory  to  hingeless  or 
monolithic  arches. 

Chap.  V  takes  up  the  distribution  of  stresses  in  arch  ribs  of  concrete, 
stone  and  steel,  and  contains  formulas  for  both  column  and  slab  design,  as 
well  and  is  more  in  the  form  of  memorandum  than  a  treatise  on  these 
subjects.  Chap.  VI  is  similar  to  Chap  V,  and  deals  with  wind  and  other 
forces  on  the  arch,  and  of  the  good  and  bad  qualities  of  various  types 
of  arches. 

The  remaining  chapters  are  in  the  form  of  an  appendix,  and  are  devoted 
to  algebraic  deductions  of  the  elastic  theory  as  applied  to  arches,  the  last 
chapter  taking  up  the  displacement  theory.  The  spirit  of  the  book  is  good,  but 
it  is  not  evident  that  it  holds  very  many  advantages  over  other  works  on 
the  same  subject,  as  a  book  of  ready  reference,  although  the  author  has  gone 
into  the  subject  very  thoroughly  and  has  put  in  a  great  deal  of  time  and 
labor  in  the  preparation  of  the  volume. 

The  only  point  that  is  open  to  criticism,  is  that  most  of  the  diagrams  are 
crowded  and  altogether  too  small  to  be  clear  or  easy  to  follow,  and  some 
of  the  inserts  are  poorly  incorporated  into  the  volume.  The  work  is  .>ne  of 
value  to  the  student  or  for  reference,  but  could  hardly  be  said  to  be  a  book 
available  to  have  at  hand,  for  immediate  design.  G.  E.  T. 

Highway   Engineering:     By    Chas.   E.    Morrison.    A.    M..    C.    E..   Tutor   in 

Civil  Engineering.  Columbia  University.    Xew  York.  John  Wiley  &  Sons. 

Cloth.  6  by  9  ins.;   pp.  315;  60  figures.     $2.50. 

This  book  is  best  presented  by  the  following  quotations  from  the  Preface. 
"The  following  pages  were  prepared  for  the  second  year  students  of  the 
department  of  civil  engineering  at  Columbia  University  with  a  view  to  fur- 
nishing a  text  in  which  the  fundamentals  of  the  subject  should  not  be  buried 
in  a  mass  of  details,  such  as  is  frequently  found  to  be  the  case  in  works 
of  a  similar  character.  This  book  is  therefore  not  a  reference  work,  but  rather 
one  in  which  it  has  been  the  endeavor  to  outline  and  emphasize  these  basic 
principles  which  are  essential  to  good  highu 

The  Preface  goes  on  further  to  acknowledge  help  received  from  Govern- 
ment and  State  Reports,  etc.  The  reviewer  believe-;  the  author  has  per- 
formed verv  well  the  task  set   for  himself  and  as  a  text  book  it  is  very  good. 
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It  has  the  dogmatism  seemingly  deemed  necessary  for  Sophomore  text  books, 
but  is  decidedly  weak  in  lacking  a  bibliography  on  the  subject  of  roads  and 
highways.  While  it  does  avoid  detail  at  the  same  time  the  student  should 
not  be  left  to  imagine  that  within  its  covers  lies  all  that  is  known  on  the  sub- 
ject, nor  that  the  teacher-author  has  in  all  cases  made  the  wisest  selection 
of  matter.  A  good  text  book  should  be  also  a  reference  book  for  future 
years  and  to  place  at  the  close  of  the  chapters  lists  of  good  works  is  today 
a  very  essential  detail  that  no  author  should  neglect. 

The  reviewer  somehow  thinks  that  he  prefers  Baker's  work  or  Bryne's 
Highway  Construction,  faulty  and  deficient  as  is  the  last  edition.  The  book 
therefore  has  its  place  as  a  college  text  book  and  hardly  suffices  for  the 
needs  of  the  practitioner,  except  it  be  for  the  purpose  of  instructing 
officials.  E.  McC. 

Elevator  Service  :  By  R.  P.  Bolton,  Mem.  A.  S.  M.  E.  Published  by  the 
author.  No.  527  Fifth  Ave.,  New  York.  1908.  Cloth  bound,  7l/2  by  11  ins., 
69  pages,  numerous  tables,  and  11  figures,  including  a  large  folding 
diagram.      Price  $5.00. 

This  book  contains  eleven  chapters  concerning  the  Problem  of  Vertical 
Transportation;  Operating  Conditions;  Passengers  and  Operators;  Rating 
the  Work  of  the  Elevator ;  Computing  the  Average  Work ;  Express  Service ; 
Shape  and  Size  of  the  Car;  Load  and  Speed  Combinations;  the  Building  and 
its  Proportionate  Service;  with  an  explanation  of  the  folding  diagram  and 
example.-,  for  its  use.  and  finally  a  chapter  of  definitions.  It  should  be  noted 
that  in  this  book  the  calculations,  diagrams,  etc.,  relate  to  Elevator  Service 
particularly  for  high  office  buildings.  For  department  stores,  hotels,  and  flat 
buildings,  the  conditions  of  service,  travel,  etc.,  are  different  and  should  be 
considered  in  making  calculations  as  to  the  number  of  elevators  needed, 
their  speed,  service,  etc. 

The  function  of  the  elevator  involves  not  only  the  lessening  of  human 
effort  by  the  lifting  (or  lowering)  of  human  freight,  but  the  shortening  of 
time  for  such  transit.  To  get  the  advantage  of  this  feature,  passenger 
elevators  must  move  rapidly  between  stops  and  not  make  too  many  stops  in 
any  one  run.  otherwise  the  service  is  "too  slow-'  and  there  will  be  complaints 
from  the  tenants  of  the  building.  The  author  of  this  book,  who  has  had 
wide  experience  in  this  subject,  advances  the  proposition  that  the  most 
efficient  service  is  to  be  had  from  the  elevators  when  the  number  of  pas- 
sengers and  stops  in  any  one  complete  up  and  down  or  round  trip,  is  0.8  of 
the  number  of  floors  to  be  served.  Applying  this  rule  to  the  Monadnock 
Building,  which  has  16  (and  17)  floors,  the  most  efficient  service  would  be 
when  there  were  not  over  seven  passengers  (and  stops)  in  each  direction.  This 
is  assuming  that  each  passenger  will  require  his  own  stop.  As  a  matter  of 
fact,  it  is  not  often  that  this  condition  occurs  as  there  is  seldom  a  trip 
with  a  number  of  passengers,  that  two  or  more  do  not  leave  the  car  at  the 
same  floor.  However,  in  working  out  his  theory  the  author  has  prepared 
some  interesting  charts  and  diagrams  in  illustration.  Some  of  the  tables  are 
of  interest,  as  showing  the  density  of  population  in  buildings  of  various  kinds; 
that  is.  the  number  of  square  feet  of  floor  space  allowed  per  tenant,  which 
varies  with  the  character  and  use  of  the  building.  This  may  be  as  low  as 
80  sq.  ft.  per  tenant  in  some  old  ten  family  "old  law  tenements"  or  may  be 
as  much  as  365  sq.  ft.  per  tenant,  in  high  grade  first  class  apartment  hotels. 

In  office  buildings,  such  as  the  Monadnock,  the  allowance  of  space  would 
probably  average  about  150  sq.  ft.  per  occupant.  On  the  basis  of  16  floors  of 
26.000  sq.  ft.  each  and  at  150  sq.  ft.  per  occupant,  there  might  be  a  population 
in  that  building  of  2,77s.  but  as  a  matter  of  fact  the  population  of  the  Mo- 
nadnock is  nearer  4,000.  The  Monadnock  Building  is  provided  with 
16  elevators,  each  of  33  sq.  ft.  area,  and  with  a  carrying  capacity,  according  to 
this  author,  of  about  14  persons.  As  a  matter  of  fact,  from  exigencies  of 
operation  sometimes  some  two  or  three  elevators  are  not  operated,  and  it 
is  only  at  special  hours  that  the  elevators  are  fully  loaded.     By  actual  court, 
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in  an  ordinary  day.  the  [6  elevators  in  the  Monadnock  have  carried 
30,000  persons,  ["hese  figures  are  given  here  thai  those  interested  may  make 
a  comparison  with  the  data  in  Mr.  Bolton's  book,  ["here  ma)  be  some  arch- 
itects, whose  experience  will  lead  them  to  differ  from  the  deductions  from 
the  data  and  figures  offered  by  the  author.  But  the  book  is  valuable  in  pre 
senting  such  data  as  1-  herein,  and  a  study  of  the  book   shoul<  din- 

to  anyone  concerned  with  the  question  of  elevator  service  in  buildings.    W. 

Railway   Track   and  Track    Work:     By    !•'..    1".    Russell   Tratman.      \     M 
Am.  Soc.  C.  E.,  m.w.s.e.     Engineering  News   Publishing  «...   New  York! 
1908.     3rd  Ed.     Cloth;  6  by  9  ins.;  pp.  520;  232  illustrations,  44  Tables 
and  an  Appendix  of  Statistic  of  Standard  Track  Construction  on  Ameri- 
can   Railways.     $3.50  net 

Someone  has  said  that  the  location  of  a  railroad  i-  its   constitution.     If 

this  is  true,  then  the  track-work  of  that  road  i-  it-  daily  diet.  Mr.  Tratman, 
in  the  opening  paragraph  of  the  preface  of  the  third  edition  of  hi-  book,  calls' 
attention  to  the  meager  literature  existing  on  the  subject  of  track  work.  We 
have  not,  as  engineers,  studied  the  subject  thoroughly  enough  to  enable  us  to 
write  SO  we  would  be   willing  to   sign   our  name-  to  what   we  wrote. 

Last  year  some  of  us  were  compelled  t<>  economize  and  some  thought 
best  to  find  out  what  maintenance  of  mad  way  was  costing  and  where 
economy  really  lay.  Some  trunk  lines  having  excellent  track  do  not  know 
what  it  costs  them,  much  less  whether  better  track  could  not  be  had  for 
less  money. 

The  Board  of  Research,  which  was  established  by  the  Baltimore  8 
Railroad  last  fall  for  the  purp<>-<-  of  finding  out  what  ballast  was 
economical  for  them  for  each  part  of  their  line,  i-  a  wise,  bro  inno- 

vation. Did  we  build  bridges  as  blindly  a-  we  build  and  maintain  track,  one- 
half  of  us  would  be  in  the  asylum  and  the  other  half  in  the  penitentiary. 

Mr.  Tratman  published  his  first  edition  in  1897.  The  second  edition  ap- 
peared three  years  later.  The  third  edition  recently  issued  is  added  proof 
of  a  demand  for  such  a  book.  The  new  edition  is  one-fourth  longer  than 
the  first  one,  and  seems  practically  re-written.  The  binding  i-  durable  and 
suitable.  The  paper  and  press-work  are  excellent.  The  type  is  a  little 
small  for  the  circumstances  under  which  it  must  be  read,  but  a  larger  type 
would  have  made  the  book  too  bulky,  and  might  have  discouraged  trackmen.  It 
appears  to  be  well  indexed — an  invaluable  aid  to  the  use  of  such  books.  The 
cuts  are  numerous  and  aid  the  text  in  a  way  most  desirable  t"  the  non-tech- 
nical reader.     "Pictures  are  quicker  read  than  print." 

In  adding  the  one-hundred  pages  to  the  third  edition  as  compared  with 
the  first  one,  the  author  has  increased  the  number  of  the  chapters  by  four. 
He  had  added  a  chapter  on  "Signals"  and  "Interlocking"  and  also  a  chapter 
on  "Electric  Railways."  These  subjects  very  properly  belong  todaj  to  a 
complete  work  on  the  subject  and  illustrate  the  broadening  of  the  rail) 
problem.  The  former  chapter  on  bridge  floors  and  grade  crossings,  as  well 
as  the  former  chapter  on  track  laying  and  ballasting,  are  each  divided  into 
two  chapters  in  this  new  edition.  The  new  divisions  seem  the  more 
natural   ones. 

This  edition  of  the  book   shows  an  advance  in  every  way  over  preceding 
editions.      From    its    fir.-t   appearance   the   book   has   been    useful,    for   it 
studiously    and    thoughtfully    written.      The    present    edition    will    take   a    still 
higher   place   in   the  literature   of  track  work.  W      B. 
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THE  ANALYSIS  OF  AN  HYDRO-ELECTRIC  PROJECT 

H.  VOX  SCHON,  M.W.S.E. 

Presented  September   _?.    rpi 

The  possession  of  hydro-electric  power,  of  electric  energy  of  hydro 
power  source,  is  the  nearest  approach  to  the  realization  of  the  promise 
of  Alladin's  lamp  yet  vouchsafed  to  the  human  race.  The  captive 
or  liberated  current  is  ready  to  sustain  and  comfort  human  existence 
as  no  other  agency  can,  while  the  everflowing  waters  return  year 
after  year  ready  to  renew  their  allegience  to  this  service  of  mankind. 
Xor  need  they  fear  any  economical  rival  of  whatever  source  at  the 
present  as  well  as  the  likely  distant  future.  He  who  owns  a  coal,  oil 
or  gas  deposit  is  said  to  be  possessed  of  a  valuable  treasure,  but 
what  is  the  fortune  of  him  who  controls  a  water  power  of  like  in- 
herent value  ? 

Coal  oil  and  gas  are  brought  forth,  perform  their  useful  work 
and  are  no  more,  their  former  lodgment  place,  a  void.  Water,  how- 
ever, comes,  works  and  goes,  to  come  again  and  again,  without  man's 
influence  or  design,  leaving  no  waste  but  being  of  infinite  existence, 
duration  and  effect.  Open  a  fuel  deposit  and  its  exhaustion  is  but  a 
question  of  time,  harness  a  water  power  and  you  have  merely  started 
a  perpetual  power  source.  The  one  is  exhaustible,  measureable, 
finite,  the  other  everlasting. 

If  this  be  true,  and  your  criticism  to  the  contrary  is  confidently 
challenged,  is  it  any  wonder  that  these  opportunities  of  water  powers 
are  being  sought  for,  all  over  the  universe  with  feverish  activity,  and 
if  so,  why  has  it  been  reserved  to  this  generation  to  recognize  these 
facts?  Water  power  has  been  impressed  for  useful  work  from  the 
beginning  of  human  existence  but  the  advent  of  electric  energy,  and 
the  union  of  these  two,  hydro-electric,  has  given  this  old-time  power 
source,  a  new  sphere  in  which  its  import  has  gained  for  it  the  first 
and  foremost  place  among  all  power  sources.  And  this  is  of  com- 
paratively recent  advent,  so  recent  that  as  a  phenomenon  which 
enters  into  the  daily  life  of  every  member  of  civilized  mankind,  none 
is  less  understood,  none  is  shrouded  in  greater  mystery. 

The  millwright  of  old  knew  well  how  to  utilize  water  power  for 
his  particular  purposes ;  he  found  the  suitable  mill-site  and  there 
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developed  the  needed  power.  Not  so  in  our  day ;  here  is  a  place 
where  current  is  wanted,  where  is  the  water  power  which  will  pro- 
duce it?  A  community  needs  lights  and  power  and  where  is  the 
water  power  source  ?  Whether  at  its  door  or  one  hundred  miles  dis- 
tant, it  matters  not,  somewhere  the  supply  can  be  found. 

The  analysis  of  the  hydro-electric  power  project  should  be  initiated 
by  that  of  the  market  for  its  product.  Name  me  a  city  in  these 
United  States  which  does  not  enjoy  the  advantages  of  efficient  and 
economical  power  current  and  I  can  lead  you  to  the  water  power 
from  which  it  can  secure  both.  The  present  power  consumption 
in  the  United  States  for  industrial  and  for  public  utility  services  ag- 
gregate 15,000,000  H.  P.  of  which  water  power  is  credited  with  2,- 
000,000 ;  the  undeveloped  water  power  possibilities  of  this  country 
approximate  io.ooo.coo  H.  P.  under  the  present  conditions  of  flow, 
that  is  with  ten  times  of  the  normal  flow  in  our  rivers  going  to  waste 
during  flood  periods,  it  could  be  more  than  tripled  by  the  economi- 
cally practical  conservation  of  the  now  wasting  and  destruction 
spreading  flood  waters.  On  the  large  majority  of  our  riverc  the 
high  monthly  flow  is  ten  times  that  of  the  low  and  on  many  a  hund- 
red, and  when  the  availability  of  water  power  source  is  claimed  for 
all  present  purposes  and  more,  it  is  based  upon  the  conserved  energy. 
Many  an  apparent  water  power  opportunity  must  be  classed  as  im- 
practicable to-day  because  there  is  too  much  water  at  times,  the  flood 
flow  eliminates  the  practicable  normal  flow  development  program 
while  its  reasonable  conservation  would  render  it  of  the  greatest 
power  opportunity  values.  It  has  been  established  by  exhaustive 
Government  investigations  that  the  practicable  water  power  capacity 
of  the  Ohio  river  and  its  chief  tributaries  at  present,  is  less  than  one 
million  horse  power  and  that  conservation  of  the  flood  flow,  or  of  a 
considerable  portion  of  it,  may  be  secured  at  the  cost  of  an  invest- 
ment for  storage  reservoirs  and  the  necessary  controlling  works  of 
about  one  hundred  and  twenty-five  millions  of  dollars,  and  that  such 
program  would  prevent  many  of  the  disastrous  floods,  would  greatly 
reduce  the  cost  of  the  proposed  navigation  works  and  incidentally 
would  increase  the  available  water  power  capacities  to  five  million 
horse  power ;  a  tax  of  less  than  one  dollar  per  horse  power  an- 
nually, would  meet  the  interest  on  such  an  investment.  The  same 
may  be  claimed  for  other  river  systems  in  this  country,  yes  for  many 
others. 

The  power  market  is  everywhere,  the  market  for  electric  current, 
not  only  for  lighting  but  for  power  service.  The  mechanical  mill 
and  shop  drive  is  doomed  to  give  place  to  the  individual  machine 
electric  motor  application.  As  the  mill  which  of  old  used  to  locate 
at  the  water  power  site  now  ignores  the  locus  of  the  power  source 
and  secures  the  manifold  other  advantages  due  to  the  proximity  of 
the  raw  material  or  the  market  for  its  output,  of  labor  conditions, 
centralization  of  manufacturing  lines,  and  conveniences  of  mainte- 
nance and  operation,  so  do  factories  and  shops  begin  to  realize  the 
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greater  advantage  of  planing  their  operating  processes  independent 
of  power  plant  proximity,  line  shafts,  pulleys  and  belts,  by  substitut- 
ing the  small  flexible  wire  as  the  power  conductor,  avoiding  the  noise 
and  dirt  and  dust  and  securing  the  greatest  of  all  advanta. 
economy  of  power  cost  and  the  advantage  of  paying  only,  for  power 
work  actually  done.  Where  and  what  is  the  industry  using  power 
which  cannot  secure  these  advantages  of  manufacturing  process,  in- 
crease and  betterment  of  output,  healthful  and  cheerful  operating 
conditions  and  finally,  a  saving  in  their  power  cost  so  great  that  it 
can  well  afford  to  assign  boilers  and  engines  to  the  scrap  pile  or  store 
them  as  historic  relics  of  bygone  days,  if  they  will  change  the  me- 
chanical to  electric  drives?  And  where  and  what  is  the  business  un- 
dertaking or  the  public  or  private  establishment  which  cannot  utilize 
to  economical  advantage,  electric  power  current  in  one  form  or  an- 
other? 

That  the  analysis  of  the  current  market  is  an  engineering  topic  will 
clearly  appear  during  its  discussion. 

The  purpose  is  to  first  determine  whether  the  necessary  franchise 
to  enter  the  market  and  sell  the  current  can  be  obtained  and  secondly, 
to  ascertain  the  existing  power  and  current  consumption  and  its 
probable  increase  under  favorable  conditions  growing  out  of  efficient 
current  service  at  a  saving  over  other  available  power  sources.  The 
program  consists  in  inventoring  every  existing  power  plant  of  what- 
ever source,  central,  municipal  or  of  factories  and  shops,  noting  the 
character,  age  and  condition  of  the  generating  equipment,  the  operat- 
ing methods,  capacities,  fuel  supply  conditions,  duration  of  services, 
and  load  factors.  This  covers  the  existing  possible  motor  loads.  The 
lighting  business  is  likewise  canvassed  ascertaining  the  extent  and 
character  of  the  current  distribution  and  equipment  system,  the  num- 
ber and  capacities  of  services  for  public,  commercial  and  domestic 
lighting  and  the  rates  paid.  In  no  case,  however,  will  it  prove  prac- 
ticable to  ascertain  much  of  value  regarding  the  cost  of  the  power 
output  because  there  is  no  subject  of  which  the  manufacturer  or 
operator  has  less  reliable  knowledge  and  conclusive  data.  The  cost 
of  the  plant,  the  annual  amount  paid  for  fuel,  oil,  waste  and  operating, 
may  all  be  on  the  books  but  the  items  which  make  up  the  annual 
cost  of  maintenence,  depreciation,  efficiency  of  boiler,  engine  and 
drive  output  at  various  load  factors  are  not  available  in  such  a  man- 
ner that  these  all  important  features  can  he  even  estimated. 

The  most  complete  recent  investigation  of  the  cosl  of  power  from 
steam  plant-,  with  coal,  gas  or  oil  fuels,  and  of  the  continuous  output 
at  various  load  factors,  have  been  concluded  during  the  past  year  by 
the  Hydro-electric  Power  Commission  of  Ontario,  Canada  The 
territory  covered  by  this  inquiry  compares  well,  industrially  speaking, 
with  any  in  the  United  States,  with  the  exception  of  New  England  ; 
the  cost  of  plants  and  of  operating  will  be  lower  than  tl  like 

plants  on  this  side  and  the  application  of  these  data    for  this  dis- 
cussion will  therefore  err  on  the  side  of  safety.     The  cost  of  steam 
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plants  includes  that  of  boilers  and  piping,  engines  of  simple  non- 
condensing  type  up  to  50  H.  P.  rating  and  of  compound  condensing 
for  larger  capacities,  of  installation  of  the  engine  and  the  accessories, 
engine  foundation,  boiler  setting  and  chimney,  building,  coal  storage 
and  land.  The  loss  from  B.  H.  P.  to  the  main  mechanical  drive  or 
belt  driven  generator  is  taken  at  10%  and  the  resulting  cost  is  for  the 
mechanical  or  electric  horse  power  delivered  to  the  factory  or  shop; 
the  further  loss  from  main  drive  to  individual  machine  or  motor  being 
indeterminable  for  general  treatment. 

TABLE  I,  COST  OF  POWER  PLANTS  PER  HORSE  POWER. 


Horse  power     10 

30 

50 

100 

300 

500 

Steam    .  .  .  .$132.00 

$130.00 

$113.00 

$105.00 

$80.00 

$73.00 

Prod,  gas   .   204.00 

110.00 

100.00 

90.00 

87.00 

77.00 

111.  gas    .  . .     72.00 

59.00 

53-00 

50.00 

Gasoline    .  .     80.00 

60.00 

58.00 

50.00 

Oil   90.00 

70.00 

68.00 

60.00 

The  operating  cost  of  plants  has  been  compiled  with  an  interest 
charge  of  5%,  but  no  charge  has  been  made  for  water;  surface  con- 
densers have  been  assumed  and  the  working  cost  has  been  based  on 
steady  loads  and  efficient  operation ;  if  the  load  fluctuates,  fuel  con- 
sumption and  cost  would  increase  above  that  herein  stated.  De- 
preciation of  equipment  is  rated  at  6%,  of  buildings  at  2%,  insurance 
at  1%,  taxes  1^/2%,  bituminous  coal  at  $3.25  per  short  ton,  anthracite 
for  producer  gas  plant  at  $5.00  per  ton,  gasoline  at  20  cents,  and  oil 
at  16  cents  per  gallon,  illuminating  gas  at  75  cents  and  natural  gas 
at  20  cents  per  1,000  cub.  ft.  The  load  factor  is  taken  at  75%  of  the 
rated  B.  H.  P.  engine  capacity ;  the  cost  is  given  for  6,600  and  3,000 
hours  per  year  operation  in  dollars  per  year  and  in  cents  per  horse 
power  hourr 

Applying  these  cost  and  operating  estimates  to  the  inventory  of 
power  plants  in  the  market  under  investigation,  some  conclusions  can 
be  drawn  as  to  the  power  rate  which  can  secure  this  business.  Power 
current  is  sold  at  a  flat  rate  per  H.  P.  year  or  at  a  meter  rate  per 
kw.  hour.  Considering  the  case  of  a  customer  operating  a  300  H.  P. 
steam  plant  operating  10  hours  per  day  and  ascertaining  the  mode  of 
power  application  to  the  individual  machines,  as  well  as  the  probable 
working  load  factor,  that  is  the  actual  time,  during  the  day,  the  tools 
or  machines  are  running,  the  above  rated  horse  power  year  cost  of 
$46.00  will  have  to  be  increased  by  probably  not  less  than  10%  for  the 
loss  in  taking  the  power  from  the  main  drive  to  the  individual 
machines  and  another  10%  for  the  non-operating  period  of  the 
machine,  which  would  bring  the  working  power  cost  to  $55.00 ; 
this  customer  should  be  interested  by  a  $35.00  or  $40.00  H.  P. 
year  rate,  or  still  more,  by  a  meter  rate  of  i}4  cents  per  kw. 
hour,   which    would    make    his   power   cost   for    a    continuous    10 
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hour  operation  of  308  days  $38.50;  as  a  matter  of  fad  that  partic- 
ular motor  would  serve  current  only  for  part,  sav  75%  of  that 
time  and  the  annual  power  cost  to  operate  that  machine  would  stand 
the  customer  at  $28.87  probably,  just  about  half  of  what  it  costs  him 
with  his  steam  plant.  Or  taking  a  machine  shop  with  a  50  H.  P 
steam  plant  operating  10  hours  per  day,  the  power  cost  given  in  Table 
2  is  $89.00,  and  it  will  be  considerably  higher  with  losses  in  sub-drives 
and  idle  tools;  a  rate  of  2^  cents  per  kw.  would  make  his  con- 
tinuous power  $77.00,  and  75%  of  that,  representing  probably  the 
actual  working  load,  would  be  $57.75,  also  about  half  of  what  the 
steam  power  costs. 

TABLE  2,  OPERATING  COST  PER  HORSE  POWER. 

Horse  Power 10        30  50  100        300       500 

f66oohs  {  $353-0°  $194.00  $167.00  $120.00  $85.00  $73.00 

Steam     J  \       5-35        3°°        2.53         1.80       1.30       1.10 

Uooohs  1    l8o-°°     io3-°o      89.00      74.00    46.00    41.00 

"  <■       6.00        3.40        2.96        2.43       1.53       1.36 

f66oo  hs  j  68o°  47-00  40.00  36.00  32.00  32.00 

Nat.  Ga^  r'3°  °-7°  a6°  °-55  0.50  0.50 

1 3000  h*  ■!  3°-°°  27.00  24.00  21.00  19.00  19.00 

"I  1.26  0.90  0.80  0.70  0.63  0.63 

ffjobohs-'    T52-°o      87.00      71.00      62.00    53.00    49.00 
Prod.       J  |        2.45         1.30         1. 10         0.90      0.80       0.75 

GaS  1  -vdoo hs  (      Q200       52,°°      43-°°       38-0O     34.00     30.00 

L0  I        3-66         1.73         1.40         1.30       1. 13       1.00 

{6600  jls  j  180.00  151.00  136.00  126.00 

5  1  2.70  2.30  2.00  1.90 

3000  hs.{  90.00  74.00  67.00  62.00 

0              {  3.00  2.50  2.23  2.06 

f66oohs  J  233-oo  192.00  187.00 

Oil          i               '  3-50  2.90  2.80 

j  115.00  94.00  92.00 

1  3.50  94.00  92.00 


3000  hs 


The  preponderance  of  power  service  is  of  small  units,  of  3,  5  and 
10  H.  P. ;  the  cost  of  the  latter  appears  in  Table  2  as  $180.00  per  year 
of  3000  hours  and  it  may  be  stated  as  a  rule  that  it  is  generally 
greater  than  this ;  5  cents  per  kw.  hour,  makes  the  100%  load  factor, 
10  hour  service,  $154.00 — 75%  of  this  is  $115.00,  also  probably  about 
half  the  actual  steam  power  cost.  Power  plants  using  natural  gas 
may  not  be  so  easily  interested  but  such  fuel  supply  is  uncertain  at 
the  best ;  producer  gas  power  plants  are  not  frequently  met  with,  and 
neither  illuminating  gas  nor  oil  secures  any  considerable  reduction  in 
the  operating  cost.     Tables  3  and  4  bring  the  cost  and  rate  topic 
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down  to  their  practical  application  in  analyzing  the  former  and  adapt- 
ing the  latter.  Table  3  gives  the  kw.  rate,  which  is  equivalent  to  the 
cost  of  steam  power  applied  to  the  machine,  the  working  power, 
the  loss  from  the  main  to  sub-drives  is  taken  at  10%  and  that  of  the 
idle  machine  likewise ;  the  rate  is  in  cents. 

Table  4  gives  the  fuel  consumption  of  all  kinds  per  h.  p.  hour,  and 
vear,  and  from  this  the  proper  corrections  can  be  made  for  fuel  costs, 
which  differ  from  those  given  in  Table  *,  as  assumed  for  operating 
costs,  quoted  in  Table  2. 

Table  5  gives  correction  to  steam  power  cost  for  10  cents  difference 
in  coal  cost  above  or  less  $3.25  per  ton. 

TABLE  3,  KILOWATT  HOUR  RATES  EQUIVALENT  TO  STEAM   POWER  COST. 

Horse   power 10         30        50       100     300     500 

o.  j  6600  hs.     9.0c    4.8c    4.1c     3.0c    2.1c     1 .8c 

/  3000  hs.     9.9c     5.5c     4.9c     4.0c     2.5c     2.2c 


Producer 


P  (  6600  hs.     3.8c     2.1c     1.7c     1.5c     1.3c 


1.2c 


I  3000  hs.     5.0c     2.8c     2.3c     2.1c     1.9c     1.6c 

Natural  Gas j  66oohs.     1.7c     1.2c     1.0c    0.9c    0.8c    o.7c 

l  3000  hs.     2.1c     1.5c     1.3c     1.1c     1.0c     1.0c 

Illuminating  Gas....  j6600?5-    4-5c    3-8c    33c    3« 

(300ohs.     4.9c    4.1c  3.6c    3.4c 

Qjj  (  6600  hs.     6.0c     4.8c  4.5c 

I   3000  hs.     6.3c     5.2c     5.0c 

One  tenth  of  a  cent  per  Kilowatt  hour    /  \  of  6600  hs $4.92 

equals  per  working  horse  power  per  year  )  /  of  3000  hs 2.24 

TABLR    4,    FUEL    CONSUMPTION    PER    WORKING    HORSE    POWER    YEAR    AT    75$    OF 
RATED    CAPACITIES. 


Horse 

.   10 

30 

50 

100 

300 

500 

Steam 

(  lbs. 

per  B.  H.  P.  hr. 

14.00 

8.50 

8.00 

5-75 

4-5° 

4.00 

Coal 

1  tons 

j  "  6600  hs. 

508 

924 

1452 

2087 

4900 

7260 

(  "  3000  hs. 

231 

420 

660 

948 

2227 

33°° 

Prod. 

r 

Gas 

!  lbs. 
j  ons 

per  B.  H.  P.  hr. 

1-45 

i-33 

1-25 

1  -15 

115 

iiS 

Anth. 

{    "  6600  hs. 

53 

M5 

228 

405 

1254 

2085 

Coal 

(  "  3000  hs. 

24 

66 

io3 

189 

57o 

948 

111. 

r 

Gas. 

1  c  ft. 

j  IOOC 

per  B.  H.  P.  hr. 

25 

23 

21 

20 

600 

"  6600  hs. 

1815 

5000 

7620 

14520 

B.  t.  u 

.  [  IOOO 

"  3006  hs. 

736 

2277 

3465 

6600 

Nat. 

Gas. 

J  eft. per B.  H.  P.  hr. 

16 

14 

13 

12 

12 

12 

980 

1  IOOO 

"  6600  hs. 

1 161 

3050 

4720 

8712 

23936 

43560 

B.  t.  u 

.  1  IOOO 

"  3000  hs. 

528 

1386 

2145 

3960 

1 1 880 

19800 

Gaso- 

( pints  per  B.  H.  P.  hr. 

i-3 

1 . 1 

1 . 1 

line  & 

-  galls. 

"  6600  hs. 

1 1 800 

29700 

49500 

O 

/  u 

"  3000  hs. 

5360 

13500 

22500 

Equiv. 
lew.  hour 

Hrs.  per 
year 

o.i   cent 

56po 

0.13  cent 

3000 

0.064  cent 

6600 

0.08  cent 

3000 

0.06  cent 

6600 

0.073  cent 

3000 

0.044  cent 

6600 

0.05  cent 

3000 

0.034  cent 

6600 

0.04  cent 

3000 

0.03  cent 

6600 

:  cent 

3000 
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TABLE  5,  CORRECTION'S  TO  OPERATING  COST  OF  TABLE  2  PER  TEN  CENTS 
IN  PRICE  OF  COAL  ABOVE  OR  LESS  $3.25  PER  TON. 

Horse  Working  H.  P. 

power  per  year 

10 3$<3-27 

I    2.85 

70 J       3-80 

0  I        I.70 

50 J       358 

100 j    2-58 

I    1. 17 

300 i    202 

/    0.91 

soo '    1.80 

I    o.8t 

From  Tables  2  and  3  the  case  of  a  100  H.  P.  3000  hour  per  year 
steam  plant  is  thus  analyzed : 

Power  delivered  to  main  drive 100  H.  P. 

Power  delivered  to  machine 90  H.  P. 

Power  actually  working.  10%  delay 81  H.  P. 

$7,400.00 

Cost  of  work.  H.  P.  from is  $91.36. 

0.81 
81  H.  P.  for  3000  hours  is  181.278  kw.  hours. 

$91.36 

The  kw.  rate  from is  5  cents. 

181,278 
At  a  rate  of  2]/2  cents,  the  cost  of  181.278  kw.  is  $45.32. 
The  electric  power  at  this  2j4  cent  rate,  costs  the  customer  about 
half  of  what  the  steam  power  would  amount  to  while  all  the  other  ad- 
vantages to  his  mill  or  shop,  to  the  arrangement  of  the  operating  pro- 
cess, the  absence  of  the  noise  from  mechanical  drive,  and  all  those 
already  detailed  are  his  without  further  cost. 

If  the  cost  of  coal  is  $2.25  instead  of  $3.25  as  assumed  for  Table 
2  the  cost  of  machine  horse  power  is  $91.36  less  1.17  ■  io=$79.66 
and  the  equivalent  kw.  rate  is  4  cents  less  0.05  X  10=3^  cents. 
Of  a  50-horse  power  plant  operating  3.000  hours,  coal  costing  $3.25 

$89.00  X  50 

the  cost  of  machine  horse  power  is  from —$109.87 

40.5 
40.5  h.  p.  for  3.000  hours  is  40.5  X  746  v  3,000=90,639  kw.  hours, 
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89.00  X  50 

the  equivalent  lew.  hour  rate  being  from =4-9  cents. 

90,630 
"With  the  cost  of  coal  at  $2.00  per  ton  the  kw.  rate  is  from  4.9  less 
0.073X12.5=4  cents.    Or  of  a  300  H.  P.  plant  operating  3,000  hours 
with    coal    at    $3.25,    the    cost   of    machine    horse    power    is    from 

46.00  X  300 
=$56.79- 


243 
243  H.  P.  for  3,000  hours  is  from  243X746X3,000=543,834  kw.  hr. 

46.00  X  300 

and  the  equivalent  kw.  hr.  rate  is  from  — 2-5  cents, 

543^34 
while  with  coal  cost  at  $1.75  per  ton  the   Kilowatt  rate  is   from 
2.5  less  o.04Xi5:=i-9  cents. 

In  this  wise  each  existing  power  should  be  analyzed  and  the  case 
placed  before  its  owner  ;  it  will  make  an  impression,  the  customer  will 
begin  to  look  very  seriously  into  this  subject  of  power  cost  and  if 
the  quoted  facts  are  corroborated  by  him,  or  nearly  so,  he  will  ar- 
range to  substitute  the  electric  power  drive  just  as  soon  as  his  condi- 
tions will  permit  him  to  do  so,  there  will  be  no  need  of  canvassing  him 
any  further,  he  will  come  after  that  electric  current  contract  without 
solicitation,  because  he  is  in  business  to  make  dollars  and  he  will  not 
knowingly  waste  any.  The  great  majority  of  power  customers  are 
those  operating  small  unit  plants  and  the  small  plants  represent  the 
most  desirable  power  loads  for  the  central  plant  because  the  load 
factor  fluctuations  of  ten  plants  of  10  H.  P.  capacity  will  practically 
balance  themselves  ;  a  total  of  80  to  85  H.  P.  will  probably  serve  them 
at  all  times  during  the  ten  hour  day  operating  period ;  not  so  with 
the  one  100  H.  P.  plant ;  it  will  run  full  at  short  periods  though  in 
the  aggregate  it  will  not  consume  any  more  current  than  the  ten  10 
H.  P.  plants  ;  the  full  100  H.  P.  output  must  be  kept  available  for  this 
customer,  but  the  earnings  from  this  100  H.  P.  will  be  no  more  than 
those  from  the  85  H.  P.  kept  on  hand  for  the  use  of  the  ten  small 
plants.  And  this  may  be  still  further  detailed  when  2,  3  and  5  H.  P. 
plants  are  considered.  At  any  rate,  the  small  power  consumer  is  the 
important  factor  in  this  market  analysis  and  there  are  plenty  of 
them  in  every  community.  The  Baker,  Blacksmith,  Boiler  maker, 
Bookbinder,  Boot  &  Shoe  Manufacturer,  Brewery,  Brickyard, 
Butcher  and  Candymaker,  Carpenter  shop,  Carriage  works,  Cigar 
Factory  and  Cold  Storage  plant,  Contractor,  Cotton  mill,  Creamery, 
Drug  store,  Dyeing  establishment,  Electrotypers  and  Flour  mills, 
Foundries,  Furniture  Shops,  Grain  Elevators,  Harness  shops,  Hat 
makers,  Jewelers ;  Knitting  mills,  Laundries  and  Livery  stables, 
Machine  shops,  Monument  works,  Paperbox  makers,  Paper  mills ; 
Photographers,    Organ    &    Piano    Manufacturers,     Planing-    mills ; 
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Plumbers,  Printing  establishments,  Railroad  shops.  Rope  and  I 
Manufacturers,  Sash  and  Door  mills,  Ship  yards,  Saw  milk,  Shirt 
and  Overall  Manufacturers,  Silk  mills,  Soap  works,  Steel  mills,  Stone 
Quarries,  Tailoring  establishments  and  Tanneries,  Tent  and  Awn- 
ing works,  Textile  mills,  Wagon  works  and  Woolen  mills  and  many 
others  are  the  industries  requiring  power  and   some  are 

found  in  any  community.  In  fact  there  is  no  establishment,  private, 
public,  business  or  manufacturing,  which  cannot  use  electric  power 
in  one  way  or  another  to  economical  advantage  and  the  present  day 
motor  application  reaches  a  great  multitude  of  such  wants  for  the 
operation  of  a  great  variety  of  machines. 

Wherever  a  flexible  wire  can  be  taken,  there  may  be  the  power 
available,  whether  on  the  ground,  in  the  air  or  under  the  water ;  in  the 
house,  train,  boat,  or  airship;  no  place  or  condition  forms  an  im- 
passible obstacle  for  the  electric  power  current,  it  is  simply  a  question 
of  economics  and  they  are  generally  assured. 

This  power  load  inquiry  is  the  principal  feature  of  the  market 
analysis,  the  lighting  load  is  secondary  to  it.  No  hydro-electric  pro- 
ject should  be  pronounced  a  safe  business  enterprise  unless  the  visible 
power  load  revenue  will  meet  the  charges ;  the  night  load  revenue, 
from  the  lighting  business,  should  be  considered  as  a  net  surplus. 
The  public  light  requirements  are  evident  and  are  generally  covered 
by  a  contract  of  some  years'  duration  or  provided  for  by  a  municipal 
plant ;  the  commercial  and  domestic  lighting  business  is  open  to  com- 
petition of  service,  quality  and  rates.  Small  town  central  steam 
plants  are  generally  insufficiently  equipped  to  give  proper  service ; 
they  have  to  supply  the  field  at  rates  which  do  not  leave  much,  if  any, 
margin,  above  the  steam  power  cost  of  current  production,  and  the 
advent  of  a  hydro-electric  supply  will  generally  compel  the  steam 
power  plant  to  buy  the  hydro-electric  current  or  sell  the  steam  plant 
at  the  best  obtainable  price.  Competition  with  the  hydro-electric  out- 
put is  out  of  the  question,  no  matter  how  low  the  cost  of  coal.  A  detail 
canvass  of  the  public  and  private  establishments  is  the  foundation  of 
the  lighting  business  analysis ;  a  plan  of  the  town  with  every  house 
located  on  it,  is  indispensable  for  this  purpose.  Small  dwellings  of 
4  to  6  rooms  are  generally  wired  for  two  lights  per  room,  those  of  8 
to  12  rooms  will  average  three  per  room  and  the  more  pretentious 
homes  up  to  five  lights  per  room ;  these  are  generally  all  of  16  candle 
power.  The  yearly  light  period  from  dusk  to  ten  o'clock  at  night, 
aggregates  8oo  hours ;  a  16  c.  p.  incandescent  filament  lamp  requires 
55  watts  and  its  normal  annual  consumption  is  therefore  about  4.5 
kw.  hrs.  The  lighting  load  which  can  be  obtained  in  a  community  is 
difficult  to  estimate,  the  volume  of  commercial  and  store  lighting 
depends  very  largely  upon  the  business  methods  employed  to  secure 
it  and  of  course  upon  the  rates.  One  well  lighted  store  in  a  block  will 
soon  set  up  a  rivalry  among  the  remainder  to  outshine  it ;  it  is  a 
lucrative  current  business  which  can  be  had  in  any  community,  while 
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residence  lighting  is  more  largely  based  upon  the  standards  of  neces- 
sities. At  any  rate,  as  already  stated,  the  lighting  business  should 
not  be  considered  in  estimating  the  available  revenue,  as  the  probable 
income  from  the  power  load  should  suffice  to  cover  all  the  charges. 

The  market  investigation  being  completed  the  power  opportunity 
itself  is  examined  for  the  purpose  of  determining  the  feasibility  of  de- 
velopment from  the  physical  and  commercial  point  of  view.  Re- 
strictions of  and  to  usage,  is  the  first  topic ;  Federal  and  State  con- 
trol should  be  clearly  defined  and  the  required  concessions  obtained 
by  legislation.  Many  of  the  streams  are  under  the  control  of  the 
U.  S.  War  Department  because  navigation  works  have  been  erected 
or  are  contemplated  and  authorized  by  Congressional  acts.  No 
water  power  development  can  be  created  on  these  within  the  reach 
over  which  such  authority  extends,  without  license  or  lease  from  the 
department.  But  permission  may  be  secured  for  developments  which 
do  not  interfere  with  the  unobstructed  navigation  program  which 
is  outlined  for  them.  Leases  may  be  obtained  for  the  development 
of  the  flow  over  the  Government  navigation  dams,  the  department 
reserving  approval  of  the  contemplated  development  program  and  of 
plans  of  the  work ;  an  annual  charge  is  made  for  the  occupancy  of 
Government  land  and  for  the  power  use  of  the  water.  In  many  states, 
canalization  and  irrigation  statutes  limit  the  use  of  the  stream  for 
power  purposes,  and  in  nearly  all  states,  the  county  authorities  exer- 
cise supervision  over  dam  structures  and  diversion  projects.  The 
rights  of  up  and  down  stream  riparian  holdings  should  also  be  care- 
fully examined  and  communities  often  control  a  portion  of  the  flow 
for  supply  purposes.  This  investigation  of  control  and  rights  is 
clearly  within  the  Engineer's  scope  as  the  substance  in  all  such  ques- 
tions is  one  of  hydraulic  data  and  facts. 

The  required  flowage  area  is  the  next  topic ;  what  acreage  will 
be  overflowed  can  be  determined  only  from  a  detailed  survey,  which 
can  not  be  entered  upon  until  the  development  site,  operating  fall  and 
the  corresponding  flood  flow  height  are  decided  upon.  The  develop- 
ment site  is  generally  predetermined  or  will  be  readily  recognizable 
after  a  reconnaissance  of  the  stream  in  the  vicinity  of  the  proposed 
location;  the  available  fall  is  found  from  level  lines  run  up  and  down 
stream  and  these  should  always  be  verified  by  check  lines.  The  ac- 
cepted fall  fixes  the  theoretical  horizontal  plane  of  the  upper  pool  or 
pond  but  in  no  wise  the  flowage  area ;  a  proper  allowance  must  be 
made  for  the  back  swell  in  this  pond ;  its  up  stream  terminal  must  be 
determined  and  the  flood  rise  should  be  added  to  this.  The  resulting 
elevation  is  that  of  the  flowage  area  which  is  outlined  by  a  transit 
survey  of  the  established  benches  and  is  tied  to  known  land  sub- 
division bounds. 

In  many  hydro-electric  projects  with  which  the  author  has  been 
connected,  the  investigation  has  ended  at  this  stage  because  the 
flowage   area   included   public   improvements,    railroads,   highways, 
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cemeteries,  etc.,  which  could  not  be  interfered  with,  or  because 
private  properties  of  prohibitive  values  fell  within  it.  It  is  a  pretty 
safe,  though  arbitrary,  rule  that  the  cost  of  flowage  rights  and  safe- 
guards should  not  exceed  the  aggregate  oo  per  II.  P.  delivered 

at  the  market.  In  many  such  ventures  of  which  the  author  has 
knowledge,  detail  plans  and  specifications  were  prepared  before  the 
acreage  and  therefore  the  cost  of  the  flowage  area  was  even  kn 
and  in  some  cases  plants  have  been  constructed  and  operated  and 
overflowed  lands  settled  for  in  and  out  of  court  afterwards.  As  to 
which  is  the  business  program  certainly  needs  no  argument. 

The  Power  Output  is  the  next  topic  and  as  the  available  fall  has 
been  determined  the  other  subject  is  the  Flow. 

It  might  be  remarked  here  that  the  investigation  has  been  on  the 
way  through  several  important  stages  upon  the  assumption  that 
there  is  an  output  and  that  it  will  he  within  some  general  limits  and 
that  no  such  fact  is  warranted  until  the  available  flow  is  known  ;  but 
it  has  also  been  taken  for  granted  by  the  author  that  such  an  investi- 
gation has  been  delegated  to  an  experienced  hydraulic  practitioner. 
A  physician  or  an  attorney  does  not  need  to  go  into  details  to  advise 
in  a  general  way  as  to  his  client's  illness  or  claim,  and  the  hydro- 
electric specialist  can  estimate  the  probable  power  output,  knowing 
the  fall,  quite  as  promptly :  he  need  not  leave  his  office  to  do  so,  but 
should  be  able  to  quote  the  high,  low  and  normal  run-off  of  any 
power  stream  in  this  country  after  a  few  minutes'  reference  to  exist- 
ing records  and  he  should  be  equally  prepared  to  estimate  the  catch- 
ment area  which  is  tributary  to  the  power  site  and  therefore  the 
available  power  flow  in  a  like  brief  period. 

The  "flow"  is  that  portion  of  precipitation  which  does  not  evap- 
orate ;  the  latter  term  includes  all  the  water  taken  up  bv  vegetation 
and  which  vaporizes  from  the  land  and  water  surfaces.  This  flow 
comes  into  the  stream  as  surface  and  ground  run-off  and  fluctuates  in 
volume  in  accordance  with  that  of  precipitation  and  the  ground  stor- 
age capacity  of  the  catchment  area.  The  extremes  mav  he  illustrated 
by  the  area  of  the  Cumberland  river  where  it  emerges  from  the  foot 
hills  at  Cumberland  Falls  and  that  of  the  Manistee  river  in  Michigan, 
the  former  is  a  very  hilly  and  rocky  country,  the  latter  is  level  with 
deep  drift :  from  the  Cumberland  water  shed,  precipitation  runs  off 
entirely  on  the  surface  and  the  flood  flow  of  the  stream  is  one  hundred 
times  that  of  the  low  flow  ;  on  the  Manistee  water  shed,  the  precipi- 
tation sinks  chiefly  into  the  soil  and  thence  feeds  into  the  stream 
gradually  and  the  flood  flow  is  not  quite  double  that  of  the  low  flow, 
nor  are  these  illustrations  of  greatest  extremes.  The  drainage  area 
run-off  of  the  large  majority  of  rivers  and  their  important  tributaries 
has  been  well  established  from  flow  measurements  carried  on  by  the 
Federal  Government  and  by  several  States  in  co-operation  with  the 
former  and  the  facts  may  be  found  in  public  records,  and  so  thor- 
oughly are  all  sections  of  this  country  now  covered  by  this  informa- 
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tion  that  the  run-off  from  water  sheds  where  no  measurements  have 
been  made  can  readily  be  determined  from  comparisons  of  water 
shed  conditions  and  precipitation  volume  with  some  of  which  the 
run-off  is  known.  In  this  manner  the  monthly  flow  for  one  of  recent 
years,  preferably  a  dry  year  of  low  precipitation,  may  be  readily 
found  and-  from  it  the  volume  which  is  to  be  taken  as  the  lowest 
permissible  basis  for  the  power  development  must  be  selected  and 
this  becomes  the  available  power  flow  for  the  project.  Plotting  the 
monthly  mean  flow  for  such  a  year  in  profile,  depicts  the  fluctuations 
graphically,  reveals  the  lowest  volume  and  its  locus  and  the  next 
and  so  on.  Generally  this  low  flow  is  found  in  the  late  summer  and 
frequently  in  sequence  for  two  or  three  months  because  this  is  the 
season  of  greatest  vegetable  growth  and  consequential  water  absorp- 
tion, and  also  most  generally  the  season  of  low  precipitation,  all  of 
which  conditions  combine  to  deplete  the  ground  storage  volume  and 
reduce  the  flow  until  replenished  in  the  fall  months  by  plenteous 
rains  and  reduced  vegetation  requirements  for  moisture.  In  north- 
ern latitudes  the  low  flow  months  are  found  just  before  the  spring 
break  up  because  most  or  all  of  the  winter  precipitation  is  frozen. 
To  correctly  select  the  available  power  flow  from  these  low  months 
is  the  result  only  of  a  clear  appreciation  of  the  market  value  of  the 
product ;  where  this  is  abnormally  high  and  the  available  power  cur- 
rent revenue  not  only  meets  the  charges  but  leaves  a  surplus,  then 
the  available  flow  may  be  taken  considerably  above  the  low  flow 
volume  because  the  market  permits  the  expenditure  of  investment  in 
and  operation  of  an  auxiliary  power  plant  or  of  water  or  current 
age;  it  is  precisely  this  measure  of  the  commercial  ability  of 
the  market  to  sustain  such  an  auxiliary  program  to  a  certain  extent 
of  output  and  period  which  must  fix  the  available  power  flow  at 
some  point  above  the  lowest  monthly.  This  reasoning  will  generally 
warrant  to  accept  the  flow  which  is  available  during  nine  months  of 
a  normal  precipitation  year,  leaving  three  to  four  months  (the  latter 
during  dry  years)  when  the  natural  flow  must  be  added  to  from 
water  storage  or  pondage,  or  the  hydro  power  output  must  be  in- 
creased by  that  from  an  auxiliary  power  or  electric  storage  plant. 

Many  developments  of  the  past  have  been  planed  upon  too  high 
a  flow  basis  and  the  otherwise  safe  market  does  not  support  the  ex- 
cessive auxiliary  installation  and  thus  they  forfeit  the  advantage  of 
the  hydro  source  by  paying  too  heavy  a  tribute  to  the  auxiliary  plant. 

There  is  no  problem  or  difficulty  in  definitely  selecting  the  proper 
flow  limit  provided  a  market  analysis  as  outlined  at  the  outset  is 
available,  nor  need  there  be  any  uncertainty  as  to  the  run-off  from 
the  catchment  basin,  and  from  these  two  the  flow  basis  can  be  deter- 
mined with  entire  reliability.  This  furnishes  the  data  for  the  find- 
ing of  the  power  output,  the  salable  current  output,  which  with  ob- 
tainable turbine,  generator  and  transmission  efficiencies  is  seventy 
per  cent  of  the  hydro  source ;  or  12.5  cu.  ft.  second  of  water  are 
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good  for  one  delivered  electric  H.  P.  for  each  foot  of  fall.     We  are 
now  approaching  the  second  line  of  inquiries,  those  which  will  cul- 
minate in  revealing  the  cost  of  this  power  output,    h  ma)  again  b 
order  to  note  that  this  inquiry  has  proceeded  at  „nse 

already  to  the  investigators  and  so  far  they  have  be  in  the 

dark  as  to  the  cost  of  this  power  output,  which  might  possibly  be 
prohibitive  as  to  the  entire  enterprise.  Again  it  must  be  repeated 
that  it  is  assumed  the  investigating  business  is  in  the  hands  of  a 
specialist  who  does  not  need  to  make  detail  surveys  and  prepare 
plans  to  arrive  at  some,  of  course  only  approximate,  estimate.  The 
experienced  hydro-electric  practitioner  can  go  to  the  site  of  the  pro- 
posed development  and  with  a  Stadia-level,  an  instrument  with 
which  vertical  and  horizontal  measurements  are  made  optically 
across  a  wide  river,  from  bank  to  bank,  without  having  to  use  a  chain 
or  a  transit,  and  with  the  use  of  a  boat  and  the  assistance  of  one  man, 
he  can  secure  all  necessary  data  for  the  profile  of  the  river  and  the 
valley  which  has  to  be  closed  by  the  dam  structure,  and  this  should 
not  take  more  than  a  few  hours,  and  from  such  a  profile  he  can  com- 
pile an  estimate  of  the  cost  of  the  required  works  and  of  the  generat- 
ing power  equipment  in  another  hour  or  so  and  the  result  should  be 
within  ten  per  cent  of  the  final  estimate,  which  will  be  the  result  of 
all  the  detail  surveys,  the  plans  and  specifications ;  the  discrepancy 
in  this  preliminary  from  the  final  should  be  on  the  side  of  safety,  that 
is  in  excess  of  the  final. 

However  the  cost  of  output  now  under  discussion,  is  that  found 
from  an  accurate  estimate  taken  from  detail  plans  which  are  based 
upon  precise  surveys ;  no  other  should  be  accepted  for  the  final 
analysis  of  the  project.  First  then,  the  development  program  must 
be  formed ;  if  all  the  fall  is  accumulated  and  utilized  at  the  same 
point  it  is  a  direct  development ;  if  however  the  whole  or  part  of  the 
fall  is  obtained  and  used  at  some  distance  down  stream  from  its 
origin,  then  the  development  is  of  the  diversion  class  and  may  be 
short  or  distant.  The  works  of  the  direct  program  consist  of  a  dam 
and  a  power  station  at  or  near  by;  the  diversion  program  may  or 
may  not  require  a  complete  or  partial  dam  but  includes  a  conduit  of 
open  or  closed  type  and  a  power  station  at  its  terminal.  Comparative 
cost  is  the  chief  criterion  as  to  program ;  in  the  author's  judgment 
not  sufficient  study  is  given  to  the  diversion  programs  though  the 
old  mill  power  developments  were  almost  entirely  of  this  type. 

The  dam  consists  of  the  spillway  and  reservoir  sections,  the  former 
occupying  the  river  channel,  the  latter  closing  the  remainder  of  the 
valley.  The  site  to  be  occupied  by  these  must  be  surveyed  to  one 
foot  contours  and  the  sub-surface  formations  must  be  developed  by 
borings  down  to  ledge  rock  or  into  impermeable  material,  that  is 
clay  in  situ.  The  type  of  spillway  is  chosen  with  proper  regard  for 
the  required  height,  overflow,  character  of  surface  and  sub-surface 
material  and  proximity  of  construction  material.     The    length    is 
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fixed  by  the  width  of  the  normal  river  channel,  its  height  by  the  fall 
to  be  utilized.  In  soft  alluvial  formations,  the  gravity  spillway  is 
preferable  but  in  rock  sites  the  solid  type ;  within  the  height  of  20  ft., 
timber  spillways  are  applicable,  provided  the  material  is  considerably 
less  costly  than  that  for  concrete ;  up  to  100  ft.  height  concrete  is  a 
safe  spillway  material ;  for  those  exceeding  this  limit  granite  should 
be  used.  The  overflow  of  spillways  should  not  exceed  0.2  of  their 
height,  the  section  of  solid  spillways  is  of  a  vertical  upstream  face, 
a  rounded  crest  or  crown  and  a  curved  or  ogee  shaped  downstream 
side;  its  base  is  0.8  and  the  crown  0.12  of  its  height,  and  of  such 
general  dimensions  that  the  solid  concrete  section  represents  a  safety 
factor  against  sliding  (with  proper  foundation  connections)  of  2 
and  against  overturning  of  3 ;  the  section  volume  is  half  of  the 
square  of  1.2  of  the  height.  The  gravity  section  has  an  upstream 
face  with  a  slope  of  1  to  1,  a  rounded  crown  and  a  downstream  side 
with  a  slope  of  1  to  l/i ;  its  base  is  1.7,  and  the  crown  0.2  of  its 
height ;  up  and  down  stream  faces  are  of  steel,  timber  or  concrete- 
steel  blankets  connected  to  interior  transverse  partition  walls  of 
similar  constructions,  placed  from  10  to  16  ft.  centers.  The  founda- 
tions of  all  spillways  are  of  a  concrete  sheet  2  ft.  thick,  overhanging 
the  spillway  section  for  0.3  of  its  height  on  the  upstream  and  for  a 
distance  equal  to  the  spillway's  height  on  the  downstream  side.  The 
upstream  foundation  end,  connects  to  a  "cut-off"  being  a  concrete 
wall  sunk  into  rock  or  into  soft  material  to  a  depth  reaching  im- 
permeable clay ;  when  this  is  deeper  than  half  the  spillway  height, 
the  cut-off  stands  on  a  sheet  pile  curtain,  of  timber  or  steel,  as  the 
material  may  be  suitable  for  the  driving  through  it.  The  foundation 
blanket  is  broken,  up  and  downstreamward,  into  longitudinal  arches 
of  a  width  equal  to  0.3  the  spillway  height,  with  slight  rise,  terminat- 
ing in  3  ft.  deep  and  wide  longitudinal  concrete  strain  walls ;  in  very 
soft  beds,  these  strain  walls  rest  on  timber  strain  piles  set  8  ft. 
centers  and  driven  with  some  downstream  batter. 

The  reservoir  dam  structures,  are  of  earth  fill  with  concrete  core- 
wall,  the  latter  being  connected  to  and  in  continuation  of  the  spill- 
way cut-off;  if  suitable  material  for  such  an  embankment,  which 
should  be  a  puddled  mixture  of  sand,  loam  and  clay,  is  not  available 
within  an  economical  haul,  concrete-steel  bulkheads  may  be  substi- 
tuted of  the  upstream  half-section  of  the  heretofore  described  grav- 
ity spillway  with  a  cut-off  along  the  heel  connecting  to  the  spillway 
cut-off.  Reservoir  structures  should  rise  5  ft.  above  the  fixed  spill- 
way overflow  level. 

The  spillway  should  have  a  waste  or  sluice  capacity,  sufficient  to 
pass  the  flood  flow  of  the  stream  which  is  not  to  flow  through  the 
turbines  and  power  station ;  the  gates  should  preferably  be  of  the 
simplest  construction,  such  as  stop  logs  with  power  operating  de- 
vices ;  one  of  these  should  reach  the  lower  pool  elevation  so  that  the 
upper  may  be  unwatered  in  low  flow  season  for  purpose  of  inspection 
and  repair  of  the  upstream  spillway  and  power  station  parts. 
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The  power  station  may  be  at  the  end  of  the  spillway,  or  just 
downstream  of  it,  or  it  may  be  in  the  interior  of  the  spillway  it 
when  its  height  is  20  ft.  from  normal  lower  pool  level.  The  power 
station  design,  may  be  of  the  drowned  or  dry  penstock  class;  the 
first  when  the  upper  water  stands  in  the  turbine  chambers,'  the 
second  when  the  water  is  taken  to  the  turbines  through  pipes.  '  The 
drowned  type  is  available  for  heads  up  to  25  ft.  and  is  somewhat  less 
costly  than  the  other.  The  plan  of  the  power  station  for  penstock 
or  turbine  chamber  units,  is  from  12  to  18  ft.  wide  and  20  to  40  ft. 
long,  according  to  the  character  of  the  turbine  units;  the  foundation 
is  that  of  the  spillway  extended ;  its  sub-structure  consists  of  one  up- 
stream and  two  end  walls,  with  such  a  number  of  partition  walls  as 
is  required  by  the  number  of  power  units ;  the  lower  level  water 
enters  into  this  sub-structure  and  that  from  the  turbines  is  dis- 
charged into  it ;  the  downstream  side  remains  open ;  the  turbine 
floor,  rests  upon  the  sub-structure ;  the  end  walls  and  the  partitions 
are  continued  upward;  the  upstream  side  remains  open,  if  of  the 
drowned  penstock  type,  and  the  downstream  end  is  closed  by  a 
masonry  or  steel  bulkhead.  The  electric  generators  may  be  placed 
on  the  turbine  floor  or  down  stream  from  the  penstock  bulkhead 
when  the  turbine  installation  is  on  horizontal  shafts,  or  it  may  be 
placed  above  the  penstocks  when  turbines  are  on  vertical  shafts. 
Drowned  penstocks  have  to  be  provided  with  gates  and  trash-racks. 

The  generating  equipment  consists  of  the  hydraulic  and  electric 
machinery ;  the  units  are  planed  to  best  meet  the  market  require- 
ments;  large  units  are  preferable,  the  obtainable  speed  and  efficiency 
of  output  together  with  cost  of  apparatus  are  the  criterion.  Regula- 
tion equipment  consists  of  hydraulic  governors  and  electric  devices. 

Transmission  equipment  is  made  up  of  the  line  and  transformers. 
Hydro-electric  current  is  generally  transmitted  a  considerable  dis- 
tance in  order  to  find  a  suitable  market.  The  limitation  of  distance 
lies  only  in  the  cost  of  the  equipment  and  the  value  of  the  energy 
lost  during  transmission.  The  transmission  loss  is  controlled  by  the 
current  quantity,  the  pressure  and  the  distance ;  there  is  no  limit  to 
practical  pressure  or  voltage  and  therefore  with  sufficient  current 
there  is  no  limit  to  distance,  at  least  not  within  the  practical  scope  of 
this  discussion.  A  safe,  though  arbitrary  rule,  is  that  the  current 
should  aggregate  15  kw.  per  1000  ft.  of  transmission  distance  or 
about  80  kw.  per  mile ;  that  the  pressure  should  not  be  less  than  5000 
volts  for  any  distance,  with  500  volts  additional,  for  every  mile  ex- 
ceeding five.  The  observance  of  these,  will  keep  the  economical  loss 
within  7%  for  transmission  distances  up  to  25  miles  and  within  9% 
up  to  100  miles,  while  the  transmission  cost  will  approximate  $25.00 
per  kw.,  being  a  charge  of  about  0.2  cent  per  kw.  hr.  on  a  3000  hour, 
annual  operation  period;  this  represents  charges  of  investment, 
maintenance,  depreciation  and  operation,  with  the  price  of  copper 
taken  at  15  cents  per  pound. 
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The  analysis  of  the  project  is  now  closed  and  when  shaped  into  a 
proper  report,  will  reveal  the  available  market  and  the  probable 
revenue  from  current  sales,  the  feasibility  of  controlling  the  develop- 
ment, the  output  and  its  cost  as  based  upon  a  definite  development 
program. 

It  seems  clear  that  such  an  investigation  consists  of  three  distinct 
functions  which  may  and  should  be  treated  as  separate  operations 
and  topics,  namely  the  market,  the  approximation  of  output  and 
cost,  and  the  precise  estimate  of  these ;  when  thus  approached  there 
need  be  no  costly  disappointments.  The  initial  treatment  of  the 
market  and  approximate  output  and  cost  topics  need  not  be  costly 
nor  do  they  require  much  time,  while  the  expense  of  the  precise  de- 
termination of  the  two  latter,  may  reach  2]/2%  of  the  cost  of  small 
undertakings  of  this  character  and  somewhat  less  for  larger  ones, 
and  will  require  sufficient  time  to  make  the  detail  surveys  and  pre- 
pare the  plans  and  specifications. 

Discussion 

President  Loweth:  This  Society  is  to  be  congratulated  on  hav- 
ing so  interesting  a  paper  presented  to  us  this  evening  by  Mr.  von 
Schon.     It  is  now  before  you  for  discussion. 

.1/;-.  L.  K.  Sherman,  m.w.s.e.  (by  letter):  Mr.  von  Schon 
has  presented  in  a  concise  and  systematic  manner  the  preliminary 
features  in  investigating  a  proposed  water  power  development.  The 
most  important  part  of  such  an  investigation  is  the  determination  of 
the  stream  flow.  Storage  basins  are  often  prohibitory  from  a  finan- 
cial and  economic  standpoint.  The  amount  of  minimum  monthly 
stream  flow  will  usually  determine  whether  a  water  power  is  econom- 
ical in  comparison  with  steam. 

Recently  the  writer  reported  upon  the  power  of  a  stream  in 
Iowa.  Government  reports  on  the  flow  of  a  stream  in  a  neighbor- 
hood drainage  basin  were  available.  Also,  very  complete  and  ex- 
tensive records  of  rainfall  were  at  hand.  A  careful  comparison 
was  made  between  the  variations  of  flow  and  the  periods  of  rainfall. 
This  comparison  failed  to  show  any  relation  between  rainfall  and 
run  off,  either  in  amount  or  in  time.  The  writer  considers  any  esti- 
mate of  stream  flow  for  water  power,  based  on  rainfall,  as  worthless 
and  misleading.  In  case  stream  flow  records  are  not  available  for 
the  basin  in  question,  the  flow  can  be  closely  estimated  by  judicious 
comparison  with  a  measured  stream  whose  basin  is  similar  in  condi- 
tion of  topography  and  precipitation. 

In  this  connection  the  writer  would  call  attention  to  the  need, 
in  streams  located  in  the  middle  west,  of  a  type  of  power  plant 
available  for  very  low  heads  but  which  need  not.  of  necessity,  be 
economical  in  the  amount  of  water  used.  A  satisfactory  plant  of 
this  tvpe  would  utilize  many  powers  which  on  account  of  reduced 
head  in  time  of  flood  are  now  going  to  waste. 
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Mr.  H.  von  Schon:  Mr.  Sherman  calls  attention  to  the  com- 
parison "between  the  variations  of  stream  flow  and  the  periods 

rainfall."  in  connection  with  a  stream  in  Iowa,  and  states  that  "the 
comparison  failed  to  show  am  relation  between  ram  tall  and  run- 
off, either  in  amount  or  in  time."     I  do  nol  doubt  his  experience, 

but  can  cite  another  experience  in  connection  with  the  ii 
tions  some  years  ago  on  the  Kentucky  river  near  Frankfort,  where 
leases  had  been  secured  for  water  power  at  navigation  dam-,  s 
of  those  dams  were  built  by  the  state  of  Kentucky  before  the  war. 
and  passed  into  the  possession  of  the  Federal  Government.  <  >n  all 
Government  dams,  gauges  are  read  daily.  The  record  at  Frank- 
fort, Kentucky,  covers  about  fifty  year-',  which  furnishes  a  most 
desirable  foundation  for  flow  investigations.  I  recognized  the  op- 
portunity for  comparison  with  rainfall  deductions  and  found  that 
the  two  discharge  curves  were  almost  identical  except  for  a  small 
discrepancy  in  the  winter  months.  Rainfall  data  of  a  fifteen  year 
period  were  used,  as  the  cycle  of  precipitation  comprises  about  -even 
years,  that  is  seven  year-  are  likely  to  include  a  low  precipitation. 
or  a  dry  year. 

In   regard   to   Mr.    Sherman's   remark   about   a   type    of    power 
plant  available  for  very  low  head.-,  it  may  be  stated  that  one  of  the 
largest    developments    now   completing   in    ( iermany,    is   of   a    2 
ft.  head  :  there  they  have  gotten  down  to  the  scrapings.     Of  course 
that  is  not  an  economical  power. 

Mr.  L.  E.  Cooley,  M.w.S.E.  There  is  one  feature  in  connec- 
tion with  this  paper  that  I  might  or  might  not,  be  disposed  to  criti- 
cise, if  I  had  the  time  to  study  the  text  carefully.  1  think  the  paper 
is  a  valuable  one.  as  giving  a  complete  exhibit  to  the  young  engineer 
of  a  method  of  procedure  for  developing  and  analysing  a  water- 
power  project. 

It  occurs  to  me  that  the  paper  is  chiefly  instructive  (probably 
that  is  the  purpose  of  it),  in  exhibiting  the  detail-  and  economies  of 
existing  practice  in  steam  plants,  in  comparison  with  central  sta- 
tion work  for  a  hydro-electric  plant,  and  the  material  brought  to- 
gether in  that  connection,  i-  certainly  valuable  and  instructive,  and 
required  great  labor  to  o  impile. 

Everyone  will  agree,  that  for  small  plants  and  many  insl 
tions  of  great  variety  and  uses,  the  electric  motor  is  better  adapted 
than  shaft  distribution  by  steam,  and  the  paper  in  this  respect 
makes  useful  comparisons  which  are  valuable  to  a  person  who  wishes 
to  substitute  electric  current  for  steam-power.  But  it  seems  to  me 
that  the  comparison  to  be  made,  is  between  the  use  of  electric  cur- 
rent and  the  direct  use  of  -team  or  internal  combustion  engil 
also,  that  the  comparison  would  be  more  legitimate  if  applied  to 
a  central  station  steam  plant.  In  other  word-,  the  comparison  should 
be  made  between  a  central  station  -team  plant  and  a  water-power 
plant.  That  is  the  problem  involved,  a-  I  understand  it.  in  the 
Commonwealth  Edison  station  in  tin-  city,  which  distributes  power 
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in  the  same  way  as  would  be  done  from  a  hydro-electric  plant.  They 
have  brought  down  the  cost  of  steam  in  the  turbine  engine  to  some- 
thing less  than  0.5  cents  per  H.  P.  hr.  A  project  in  Missouri, 
was  rejected  by  the  YYestinghouse  company  because  it  was  not  safe 
to  undertake  a  water-power  proposition  in  view  of  the  fact  that 
central  station  plants  were  in  sight  to  supply  power  at  less  than 
0.5  cents  per  H.  P.  hr. 

In  making  some  comparisons  in  1901,  I  gave  considerable 
study  to  the  subject  in  connection  with  a  water-power  project  at 
Keokuk,  Iowa,  for  60,000  horse  power,  by  means  of  a  dam  at  the 
foot  of  the  Des  Moines  Rapids.  At  that  time  it  seemed  to  me  that 
the  practice  in  high  class  steam  plants,  justified  an  estimate  of  0.6 
cents  per  H.  P.  hr..  for  constant  steam-power;  0.8  cents  per  H. 
P.  hr  for  factory  or  daylight  power  (ten  or  twelve  hours  per 
day  )  ;  and  1  cent  per  H.  P.  hr.  for  variable  power  such  as  is  used 
in  lighting  and  in  trolley  work. 

I  have  had  occasion  to  design  dams  for  bad  sites  on  alluvial 
streams.  Experience  with  the  Barrage  at  the  head  of  the  Nile 
delta  shows  that  it  is  possible  to  build  a  dam  on  any  site.  The 
original  dam  failed,  but  was  finally  repaired  by  sealing  the  river 
bed  with  clay  some  one-hundred  yards  up  stream.  Since  then  the 
dam  has  been  a  success.  In  such  locations  1  have  followed  the 
French  practice  of  the  tumble-bay  dam.  where  all  the  forces  of  the 
overfall  are  confined  within  the  structure.  If  I  am  not  mistaken, 
attention  was  not  called  to  this  type  of  structure  for  difficult  loca- 
tion. I  do  not  mention  this  by  way  of  criticism,  but  simply  an  ad- 
dition to  the  methods  of  treatment  offered  by  the  author. 

I  will  not  follow  the  subject  further  than  to  discuss  the  thoughts 
presented  in  the  opening  paragraphs,  in  regard  to  the  conservation 
of  our  water  resources.  It  is  the  one  resource  next  in  value  to 
the  land.  There  is  water  power  in  this  country  capable  of  develop- 
ment in  excess  of  all  the  power  now  used — both  water  and  steam. 
The  water-power  that  may  be  developed  by  conservation,  will  ex- 
ceed all  the  power  that  can  be  produced  by  high  grade  steam  engines 
with  all  the  coal  mined  in  the  United  States,  or  about  450,000,000 
tons  last  vear.  You  can  see  the  tremendous  significance  of  a  prop- 
osition of  this  character  and  how  far  it  reaches.  It  may  not  only 
save  our  coal  resources  but  will  produce  reservoirs  for  fisheries 
and  recreation  :  mitigate  floods  and  equalize  the  flow  of  streams, 
thus  making  valleys  salubrious  and  aiding  navigation.  Water  con- 
servation reaches  further  than  any  other  measure.  In  this  discus- 
sion of  a  water-power  proposition,  I  do  not  like  to  see  the  sub- 
ject discussed  from  a  purely  commercial  standpoint  without  re- 
gard to  public  welfare.  Our  streams  are  too  valuable,  their  rela- 
tions are  too  manifold,  and  their  uses  are  too  varied  to  permit  mere 
local  exploitation.  The  power  itself  (water-power  especially),  is 
so  nearly  akin  to  a  fundamental  resource,  like  rainfall,  sunlight  and 
air.  that  we  should  not  go  ahead  blindly  and  allow   it  to  become 
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the  subject  of  monopoly  and  trust.     There  are  main  cases  on  rec 
ord  where  the  public  has  been  greatly  embarrassed   in   nol   being 

forehanded  in  such  matters,  and  some  of  them  are  in  the  state 
of  Illinois,  but  I  think  we  shall  be  able  to  clear  the  right  of  way  for 
the  dee])  waterway  and  make  the  great  water  powers  produced 
thereby,  the  subject  of  state  ownership.  There  are  other  ca 
of  abuses  which  have  grown  up.  almost  incapable  of  remedying. 
We  are  liable  to  have  our  resources  squandered  by  reason  of  lack 
of  system.  Developments  arc  made  in  such  a  manner  that  only 
part  of  the  power  of  a  stream  is  utilized.  I  mention  this,  nol 
way  of  disagreement,  but  1  do  wish  to  see  water  power  developed 
to  the  full  possibilities.  The  point  I  wish  t<>  make  in  this  connection 
is,  that  it  is  up  to  our  Legislators,  and  up  to  the  engineers  as  ad- 
visors, to  formulate  a  public  policy  for  the  systematic  use  of  our 
waters,  which  will  preserve  every  right  and  which  will  result  in 
a  systematized  development  of  water-power  and  eventually  a  great 
increase  of  that  water  power  by  mean-  of  storage.  Just  what  form 
this  should  take  I  am  not  now  prepared  to  say.  but  1  think  we  are 
liable  to  invite  complication-  and  blighting  controls  of  fundamental 
resources,  greater  than  those  heretofore  complained  of  by  the  people. 

Mr.  von  Schon:  I  wish  to  thank  Mr.  Cooley  for  hi-  courtesy 
in  handling-  my  paper  a.-  kindly  as  he  has. 

With  reference  to  the  power  cost  of  large  central  plant-,  I 
will  say  that  at  o.6  cents  per  H.  P.  hr.  of  continuous  service,  the 
annual  cost  is  $52.00  per  H.  P.  20,000  H.  P.  run  at  the  "Soo," 
on  a  25-year  contract  for  $10.00  per  H.  P.  per  year,  continuous 
power:  at  Masena.   X.   V..  contracts  have  been  made  ;   at 

Niagara,  at  $19.50;  this,  on  continuous  service,  would  be  less  than 
0.25  cents.  When  hydro-electric  power  is  developed  at  $150.00 
per  H.  P.  delivered,  it  can  be  served  at  a  lower  resourceful  rate. 
than  by  a  steam  plant  burning  free  fuel:  that  is,  unit  for  unit. 

In  regard  to  the  conservation  of  our  water  resources,  you  will 
not  find  a  greater  champion  than  I  am.  1  have  just  contributed  an 
article  to  the  "Engineering  Magazine"  on  "Use  and  Conservation 
of  Water-Power  Resources,"  which  will  be  followed  by  other  ar- 
ticles. 

Mr.  Cooley:  I  did  not  mean  to  convey  the  idea  that  1  doubted 
that  water  power  could  be  produced  cheaper  than  -team.  I  have 
made  estimates  showing  that  water  power  could  be  produced  at  a 
profit  of  $10.00  per  year,  as  mentioned.  What  1  designed  to  do 
was  -imply  to  call  attention  to  the  fact  that  comparisons  should  be 
made  between  central  working  -team  plant-  and  water  power  plant-. 
rather  than  with  the  character  of  local  -team  plant-  found  in  shops 
and  factories. 

Mr.     W.    /-.   Abbott,    m.w.s.k.  :     It    would    be    somewhat    pre 
sumptuous  on   my  part   to  criticise   this  paper,   in   the  presence  of 
such  eminent  hydro-electricians  a-  have  already  spoken,  but  bavin- 
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been  raised  on  steam,  I  venture,  in  spite  of  the  doleful  prediction 
for  that  prime  mover,  to  speak  a  little  in  its  defense. 

The  author  in  his  opening  sentences,  speaks  of  the  wasteful 
void  which  will  be  left  in  the  ground  when  a  deposit  of  coal,  oil 
or  gas  is  removed — a  void  which  will  never  be  filled  again.  That  is 
a  problem  which  may  worry  future  generations,  but  the  power 
user  of  the  present  day,  who  is  able  to  buy  coal  in  the  ground  in 
almost  unlimited  quantities  at  a  price  less  than  one  cent  per  ton, 
will  locate  his  mill  in  densely  populated,  coal  underlaid,  fruitful 
lands,  rather  than  by  a  dam  site  in  a  wilderness  where  nobody 
wants  the  power,  or  attempt  to  transmit  this  power  long  distance's 
at  a  cost  which  the  author  estimates  at  $25.00  per  kilowatt  and 
have  his  service  dependent  upon  the  maintenance  of  this  long  trans- 
mission line. 

I  do '  not  believe  in  discouraging  water  powers :  on  the  con- 
trary I  believe  they  should  be  encouraged,  as  auxiliaries  to  steam 
plants.  The  rate  of  flow  of  water  is  up  and  down ;  the  demand  for 
power  is  up  and  down.  The  flow  of  water  varies  with  the  season,  re- 
gardless of  the  demand  for  power,  which  later  varies  with  the  hours 
of  the  day.  The  average  demand  for  power  during  the  year  is  about 
one-third  of  the  maximum  demand,  and  the  inelasticity  of  hydraulic 
power  renders  it  unable  to  meet  this  demand  without  sacrificing 
two-thirds  of  the  power  available  at  minimum  flow  and  all  the 
excess  at  maximum  flow.  If  the  hydraulic  power  were  available 
within  reasonable  proximity  of  a  large  market,  the  demand  should 
be  filled,  in  the  main,  by  power  generated  in  a  steam  plant,  with  an 
auxiliary  source  from  the  power  from  this  hydraulic  development, 
which  may  be  so  loaded  as  to  use  its  full  output  day  and  night, 
season  in  and  season  out,  the  year  round.  This  would  amount  to 
possibly  one-third  of  the  maximum  demand  of  the  power  market ; 
the  balance  of  it  is  to  be  taken  care  of  by  the  steam  plant,  which 
would  generate  the  greater  part  of  the  power.  In  this  way  the 
full  flow  of  the  water  power  would  be  utilized  the  year  round 
(except  for  flood  waters  which  would  necessarily  be  wasted)  thus 
saving  some  fuel  expense,  and  the  steam  plant  would  always  be 
available  as  a  guarantee  of  the  continuity  of  the  service. 

The  author  enters  quite  fully  into  the  discussion  of  the  first  cost 
and  the  operating  cost  of  steam  and  other  plants  of  small  capacity. 
I  regret  that  he  did  not  include  in  this — as  also  suggested  by  Mr. 
Cooley — a  comparison  between  the  first  cost  and  the  operating  cost 
of  modern  steam  plants  of  large  capacities,  and  the  cost  of  hydraulic 
power  plants  of  the  same  capacities,  including  the  land  and  the 
transmission  lines.  I  am  convinced  that  such  a  comparison  would 
show  to  the  disadvantage  of  the  average  hydro-electric  plant.  The 
steam  turbine,  in  the  large  sizes  to  which  it  is  now  developed,  has  re- 
duced both  the  initial  cost  and  the  operating  cost  to  such  a  point, 
that  in  localities  where  coal  can  be  secured  at  a  moderate  price, 
water   power   must   be   readily   available   and   must   be   inexpensive 
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of  development,  if  it  is  to  compete  with  steam  power  in  avei 
commercial  business  having  the  usual  power  factor  of   jo  %. 

Mr.  von  Schon:     In  regard  to  Mr.    Vbbott's   views  of  the  rela- 
tion between  steam  and  hydraulic  plants,  I  do  nol  claim  that  a  h) 
draulic    development    is    complete    withoul    an    auxiliary,      tin. 
my  best  friends  has  said   that  in   looking    for  a   water-power,   one 
should  look  for  a  chimney  on  the  river,  and    I    fully  endorse  this. 
I  have  never  made  an  estimate  on  a  hydraulic  plant  withoul  an 
timate   on    a    chimney.      However.    I    cannot    agree    with    th 
ment  that   the  hydraulic   plant   is  to  be  auxiliary    to   the   steam. 

The  cost  of  a  modern  steam  plant  of  large  capacity  was  not  in- 
cluded in  this  paper  for  the  reason  that  the  subject  was   fully  a 
ered  in   four  articles  which  appeared  in   the  April.  June,    fuly  and 
August  issues  of  the  "Engineering  Magazine"  of  lasl  year. 

We  think  we  have  a  very  high  efficienc)  -team  plant  in  Detroit, 
of  8,000  H.  P.  units,  hut  some  200  miles  from  that  city  i-  a  water 
power  of  not  quite  22,000  H.  P.,  and  estimates  at  the  present  price 
of  power  and  cement  may  show  that  hydro-electric  power  can  he 
furnished  at  Detroit  at  0.5  cents  per  kw.  hour,  and  make  a  pa) 
ing  investment  of  the  hydro-electric  development.  The  operating 
cost  of  a  large  power  plant  is  the  kernel  of  the  nut  ;  how  many  tons 
of  coal  would  the  50,000  H.  P.  plant  at  the  "Soo"  burn?  how  man) 
car  loads  every  day?  Consider  the  time  and  labor  used  in  handling 
the  coal,  firing  the  boilers,  handling  the  ashes  etc.  and  the  cost 
of  operation  of  the  plant,  maintaining,  repairing,  superintending, 
etc.  Of  the  50,000  H.  P.  available  at  the  "Soo.'-  27,000  1 1.  1'.  is 
in  use,  and  the  cost  of  actual  operation  of  that  plant  is  le-s  than 
$5000  a  year. 

President  Loweth:  The  author  says  that  for  ever)  city  in  these 
United  States  not  now  enjoying  economical  power,  that  there  i- 
water-power  available  for  economical  use  for  such  cit) .  The  speaker 
has  in  mind  several  cities  where  it  would  appear  to  be  commercially 
impracticable,  if  at  all  practicable,  to  develop  water-power  to  the 
extent  of  but  a  small  portion  of  that  required  by  these  cities.  For 
instance:  Xew  Orleans,  Cleveland,  Omaha  and  Kansas  City.  Doubt- 
less there  are  water  powers  in  the  vicinities  of  these  cities  capable 
of  economical  development,  but  doubtless  they  could  more  profitably 
be  utilized  by  the  smaller  cities  nearer  by,  and  the  aggregate,  avail 
able  for  the"  larger  cities  named  would  he  much  less  than  would 
meet  the  requirements.  Many  other  cities  no  more  favorably  located 
might  be  named. 

Mr.  von  Schon:  1  could  go  to  my  files  and  point  out  an  avail- 
able water  power  for  every  considerable  town  in  need  of  economical 
current. 

The  Wisconsin  Valley  Improvement  Co.  has  been  given  authorit) 
to  build  dams  and  collect  a  tax   from  ever)    owner  of  the    175 
H.  P.  which  are  todav  available  on  the  Wisconsin  river,  (exclusive 
of  the  tributaries)    of  which  less  than   20,000   II.    !'    is  developed. 
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If  the  Wisconsin  Valley  Improvement  Co.  carries  out  its  contract 
with  the  state,  under  which  they  are  obliged  to  store  two  billion 
cubic  feet  of  water  before  they  can  charge  toll,  they  will  increase 
the  development  to  300,000  H.  P.  I  am  talking  of  the  conserved 
energy — that  is,  of  the  economical  development  of  the  full  wTater- 
power.  Milwaukee,  I  believe,  can  get  power  from  the  Wisconsin 
river,  or  from  the  Menominee  river,  which  has  a  large  and  steady 
flow.  That  river  cannot  be  more  than  150  to  200  miles  from  Mil- 
waukee. In  Germany,  power  has  been  transmitted  328  miles,  since 
1 901.  It  is  simply  a  question  of  voltage.  Why  not  go  500  miles 
for  power?  I  think  there  is  no  one  here,  who  has  had  electrical 
experience,  who  doubts  the  perfect  practicability  of  200,000  volts 
on  transmission  lines,  and  that  we  shall  come  to  that  practice  within 
a  few  years,  since  the  difficulty  with  the  insulators  has  been  over- 
come. It  is  not  now  necessary  to  have  three  or  four  petticoats  on 
the  insulator,  for  it  is  being  suspended.  In  Florida  there  is  a  large 
project  on  foot  to  develop  water  power  from  the  Suwannee  river, 
where  there  is  a  capacity  for  32  feet.  I  know  of  an  opportunity 
furnishing  50,000  H.  P.  to  Cincinnati  and  purify  that  smoke-ridden 
city,  making  it  as  clean  at  Detroit. 

Mr.  J.  H.  Warder,  m.w.s.e.  :  What  is  the  source  of  water-power 
for  Cincinnati  ? 

Mr.  von  Schon:  It  is  the  Niagara  of  the  south — the  Cumber- 
land Falls — about  150  miles  away.  At  its  site,  or  near  it,  there  is 
not  a  demand  for  the  power.  If  the  Government  will  grant  fran- 
chises to  build  reservoirs  on  the  Kentucky  river,  80,000  H.  P.  can 
be  developed  on  that  river,  and  some  of  that  80,000  H.  P.  can  be 
taken  to  Louisville  and  some  to  Cincinnati.  An  English  syndicate 
sent  over  an  engineer,  last  year,  who  reported  that  20,000  H.  P. 
could  be  developed  economically  at  the  Louisville  Falls  of  the  Ohio 
river. 

It  is  simply  a  question  of  conserving  what  there  is ;  of  stopping 
waste ;  of  taking  account  of  what  the  country  has  and  using  it 
properly. 

There  is  one  large  water-power  source  additional  to  that 
discussed,  which  will  be  used  eventually :  that  is  the  ever-moving 
waves  of  the  ocean.  This  power  is  being  harnessed  now,  to  do  the 
work  of  men,  but  not  as  economically  as  it  might  be.  Give  me  a 
machine  which  combines  hydraulic  turbine  and  electric  generator, 
and  I  will  furnish  all  the  power  that  can  ever  be  utilized  from  the 
action  of  the  waves. 

Mr.  A.  Bement,  m.w.s.e.  (by  letter)  :  This  paper  is  a  particularly 
valuable  one,  because  it  deals  with  a  branch  of  engineering  which  is 
of  rapidly  increasing  importance,  and  regarding  which  there  has 
been  too  little  data  available,  and  I  am  sure  Mr.  von  Schon  can 
give  us  some  further  information  on  the  subject.  I  would  ask  what 
proportion  of  the  water  power  plants  operated  by  private  corpora- 
tions are  paying  dividends,  or  how  many  plants  owned  by  munici- 
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palities  or  otherwise,  arc  earning  a  proper  return  on   investment 
and  also  what  proportion  are  not  doing  so. 

Danic!  W.  Mead,  m.w.s.k.  (t»  letter)  :  To  the  mind  of  the  writer, 
the  author  of  this  paper,  inadvertantl)  perhaps,  gives  a  false  idea 
of  the  facility  with  which  the  experl  or  experienced  engineer  can 
intelligently  pass,  even  in  "a  general  way."  on  the  possible  power 
output  of  any  stream.  The  physician,  attorne)  or  engineer  who 
stands  ready  on  a  few  moments'  investigation  to  give  ever 
advice  to  his  client,  is  liable  to  give  advice  that  is  seriously  mis- 
leading, and  the  same  may  be  said  of  conclusons  drawn  from  am 
survey  made  in  a  few  hours'  time. 

It  is  true  that  an  office  estimate  will    frequently  give  a  general 
idea  of  the  feasibility  of  a  project  and  the  possibility  of  a  develop 
merit,  and  that  hasty  held  examination  will  sometimes  give  the  basis 
of  an  approximate  estimate  of  cosl  on  which  the  engineer  or  owner 
may  decide  whether  or  not  the  project  is  worthy   of   further  i 
sideration.     Conclusions  drawn  from  such  hasty  examination  should 
be  made  on  a  conservative  basis,  and  made  subject  to  the  lo- 
cations which  must  usually  result  from  a  detailed  examination.      Es 
timates  cannot  be  relied  on  within  the  limits  set  by  the  author  of  the 
paper.     Jt  is  indeed  doubtful  if,  after  the  most  careful  examination 
and  after  the  completion  of  detailed  plans  and  specifications,  that 
any  engineer  can  make  an  estimate  in  the  face  of  the  contingencies 
of  construction,  the  changing  values  of  our  market-,  and  the  vary- 
ing effects  on  cost  of  a  scarcity  or  superabundance  of  labor  that 
will  not  vary  more  than  ten  per  cent,  from  the  actual  cost,  especially 
if  considerable  time  elapses  between  the  time  when  the  estimate  is 
made  and  the  time  when  the  contract  is  consummated. 

The  study  of  stream  flow  is  worth)  of  much  more  attention  than 
the  paper  would  indicate,  and  of  more  than  it  generally  receives. 
Maximum,  minimum  and  mean  flows  are  only  of  incidental  interest. 
A  knowledge  of  the  varying  power  conditions  should  he  based  on 
a  study  of  the  daily  hydrograph  not  only  for  one  year  but  for  all 
the  years  for  which  the  data  can  he  obtained.  Even  die  best  in- 
formation now  available  is  unsatisfactory,  and  the  engineer  who  i- 
developing  a  power  project  must  call  to  his  aid  all  possible  sources 
of  information  on  which  to  base  his  conclusions.  Not  only  the 
stream  flow  but  the  storage  possibilities,  which  can  be  determined 
only  by  careful  surveys,  must  receive  the  most  careful  considera- 
tion, for  adequate  storage  frequently  means  the  success  or  failure 
of  the  project.  With  small  flows  and  high  heads,  storage  may 
maintain  an  average  flow  many  times  the  minimum.  In  several 
projects  now  under  way.  where  heads  of  from  75  to  100  feet  are 
being  developed,  the  practicable  storage  found,  has  increased  four 
to  six  times  or  more  the  average  flow  obtainable  over  the  minimum 
flow  available  without  storage. 

The  general  rules  of  design,  which  are  briefly  stated  in  the 
paper,  are  understood  to  be  the  author's  conclusions  as  to  the  best 
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practice  and  show  his  familiarity  with  the  subject  he  is  discussing. 
They  are  not  safe  guides  for  design  and  construction  to  either  own- 
ers of  water  power  or  experienced  engineers.  Every  location  is  a 
problem  in  itself  which  for  the  best  results  must  receive  entirely 
distinct  and  separate  study ;  and  almost  any  simple  rule,  such  as  those 
outlined  by  the  author,  may  under  many  circumstances,  be  found 
entirely  at  fault.  Such  rules  are  for  this  reason  of  somewhat  ques- 
tionable value,  unless  fully  discussed,  for  they  are  not  needed  by  the 
engineer  familiar  with  the  subject  and  they  are  apt  to  be  mislead- 
ing to  those  without  experience. 

In  the  paper  under  discussion  there  is  a  pervading  spirit  of 
unwarranted  optimism  in  regard  to  hydro-electric  developments 
which  is  apt  to  be  misleading  and  which  might  result,  if  unques- 
tioned, in  the  encouragement  of  the  popular  fallacies  as  to  the  golden 
opportunities  offered  by  any  and  every  water  power  possibility 
which  is  yet  undeveloped.  There  is  a  popular  notion  that  the  own- 
ership of  a  water  power  privilege  is  equivalent  to  a  fortune  for  its 
lucky  possessor.  While  a  detailed  examination  of  the  paper  under 
discussion  by  any  one  familiar  with  these  projects  would  indicate 
that  the  writer  recognizes  the  difficulties  in  the  way  of  successful 
development,  yet  there  are  many  of  the  factors  on  which  the 
success  of  a  hydro-electric  project  depends  to  which  attention  should 
be  especially  drawn  and  the  importance  of  which  should  be  empha- 
sized. 

Taken  in  the  abstract,  the  probable  value  of  water  powers  to 
humanity,  especially  in  the  future,  is  very  great  and  they  should 
receive  the  most  careful  consideration  and  study.  At  the  present 
time,  and  to  present  investors,  the  value  of  these  powers  for  im- 
mediate development  is,  however,  more  than  doubtful.  The  suc- 
cessful commercial  development  of  a  water  power  project  is  a  very 
complex  problem  involving  not  only  the  elements  of  adequate  head 
and  flow  of  a  stream,  but  many  other  elements  which  the  writer 
of  the  paper  has  discussed  in  some  detail.  It  should  be  strongly 
emphasized  that  all  of  these  elements  must  be  capable  of  suitable 
adjustment  before  any  such  project  can  be  commercially  successful. 
Many  water  power  projects  that  have  been  already  developed  have 
resulted  in  unfortunate  losses  for  those  who  have  invested  their 
money  in  them ;  and  while,  in  a  number  of  instances,  the  profits 
have  proved  highly  remunerative,  or  at  least  given  great  promise 
of  satisfactory  returns,  there  are  comparatively  few  where  the  re- 
turns are  larger  than  are  fully  warranted  when  the  risk  of  the 
project  is  considered. 

One  of  the  earliest  and  largest  hydro-electric  plants  developed 
in  this  country,  a  plant  which  has  been  regarded  by  many  as  a 
monument  to  the  engineering  skill  of  two  continents  and  which 
has  now  been  in  operation  for  twenty  years,  within  a  short  dis- 
tance of  an  extensive  market,  has,  I  understand,  not  yet  paid  a 
dividend.     Two  other  large  and  well  known  developments,  widely 


Discussion— Analysis  of  an  Hydro-EUctrit  711 

heralded  and  fully  described  in  the  engineering  press,  havi 
some  ten  years  of  existence,  -one  into  the  hands  of  a  receiver  and 
been  sold  at  much  below  their  original  cost..   It  .till  remains  to  be 
demonstrated  whether  these  powers  can  be  made  to  pa\    on   their 

greatly  reduced  capitalization. 

The  business  man  and  investor  of  toda)  is  onlj  casuall)  inter 
ested  in  humanity  a  thousand  years  hence.  What  may  happen 
when  the  coal  supply  and  the  supply  of  natural  gas,  or  other  limited 
sources  of  potential  energy  are  exhausted  affords  an  interesting 
subject  of  inquiry  to  the  student,  but  the  investor  and  his  active 
lieutenant,  the  engineer,  are  interested  in  the  inquiry,  "Can  the 
investment  be  made  to  pay  in  the  near  future?"  "Can  returns  be 
confidently  expected,  perhaps  not  immediately  after  construction, 
but  within  a  time  not  so  remote  but  that  the  interest  on  the  capital 
invested  for  both  construction  and  development  is  assured?"  If  this 
cannot  be  reasonably  demonstrated,  the  investment  is  unwarranted 
and  affords  only  an  opportunity  for  the  promoter  to  reap  an  unfair 
profit  from  credulous  investors. 

Water  power  should  be  regarded  in  the  same  light,  as  with  any 
other  business  investment,  and  it  should  be  undertaken  only  when  it 
is  clearly  apparent. 

First:     That  there  is  an  adequate  available  market. 

Second:     That   a    fair   price    can    he   obtained    for   power. 

Third:     That  the  plant  can  be  developed  at  reasonable  expense. 

Fourth:  That  the  fixed  charges  and  operating  expenses  can  be 
met  by  the  income  from  the  plant,  with  a  margin  for  profit. 

Fifth: — That  an  adequate  head  and  flow  are  at  all  times  avail- 
able; or 

Sixth:  That  the  income  will  warrant  the  installation  ami  oper- 
ation of  auxiliary  power,  at  times  of  inadequate  hydraulic  power,  or 
that  the  market  will  admit  of  the  temporary  interruptions  due  to 
loss  of  head  or  reduced  flow. 

The  course  of  all  new  developments  is  the  speculative  spirit 
There  are  always  many  who  see  in  something  new.  or  partially  un- 
known, the  chance  to  realize  large  returns  from  small  investments. 
Promoters,  taking  advantage  of  this  human  weakness,  frequently 
mislead  the  unsuspecting  public  by  calling  attention  to  the  great 
natural  resources  that  are  unutilized  and  hence  going  to  waste,  con- 
veying the  idea  that  these  are  only  to  be  conserved  in  order  to 
afford  rich  returns.  There  is  just  truth  enough  in  such  ideas  to 
make  them  misleading,  for,  while  in  some  cases  the  returns  from 
such  conservation  may  be  large,  in  many  more  cases  the  returns 
will  be,  under  the  present  conditions,  entirely  inadequate  to  meet 
the  expense  involved,  and  hopes  built  on  such  conditions  are  en 
tirely  unfounded  and  born  only  to  be  blasted.  The  prevailing  idea 
that' economical  energy  from  water  power-  can  at  present  be  made 
available  for  every  community  is  erroneous.  Under  present  con- 
ditions it  is  impracticable  to  serve  man)    communities   with   power 
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generated  by  water  and  transmitted  by  electricity,  and  any  at- 
tempt to  do  so  will  result  in  financial  failure. 

The  estimates  of  power  costs  of  the  Hydro-Electric  Power  Com- 
mission of  (  hitario,  referred  to  by  the  writer,  are  of  great  interest 
and  value.  It  should  be  particularly  noted,  however,  that  they  are 
wholly  inapplicable  to  many  localities  without  material  modifica- 
tion, and,  if  used  without  such  modification  as  a  basis  of  estimate, 
will  often  give  widely  erroneous  results.  These  estimates  are  based 
on  coal  at  $3.50  per  ton,  while  in  many  cases  the  actual  cost  of 
fuel  is  only  one-third  to  one-half  of  that  price.  They  include 
fixed  charges  which  must  often  be  eliminated  from  consideration  by 
the  competing  water  power.  They  contain  no  consideration  of  the 
exhaust  value  of  the  steam,  which  is  often  an  important  item. 
They  contain  estimates  of  labor  which  in  many  small  plants,  espe- 
cially where  gas  engines  are  used,  is  largely  eliminated  by  the 
party  in  charge  being  engaged  for  a  large  portion  of  his  time  in 
other  work  and  but  little  expense  to  operation,  being  fairly  charge- 
able to  the  plant. 

At  the  present  time  the  competition  between  hydro-electric  and 
steam  energy  is  not  one  of  power  only.  In  many  cases  the  ex- 
haust steam  has  so  high  a  value,  or  is  so  essential  to  the  manu- 
facturing processes,  that  the  power  is  almost  or  quite  a  by-product. 
In  other  cases,  during  the  portion  of  the  year  when  the  factories 
or  mills  must  be  heated,  the  exhaust  has  a  high  value  for  this  pur- 
pose which  is  of  great  importance  in  the  consideration  of  steam 
versus  water  power. 

The  existence  of  the  present  steam  installation  frequently 
makes  it  necessary  for  the  hydro-electric  plant  to  compete  against 
the  steam  plant — not  on  the  grounds  of  fixed  charges  plus  coal  and 
operating  expenses,  but  on  operating  expenses  'plus  only  a  por- 
tion of  the  coal  costs,  for  the  expenditures  on  which  fixed  charges 
are  based  have  already  been  entailed  and  cannot  be  considered  in 
the  actual  competition  of  the  two  sources  of  power. 

When  the  fixed  charges  in  the  hydro-electric  plant  are  high,  and 
the  cost  of  maintenance,  depreciation  and  operation  are  large,  the 
competition  of  the  steam  plant  cannot  be  set  aside  by  optimistic 
statements  but  must  be  considered  on  substantial  ground. 

The  rearrangement  of  factories  and  mills  to  accommodate  new 
methods,  is  a  matter  of  time,  and  time  is  indeed  money  where  a 
heavy  investment  is  awaiting  a  market  for  returns. 

Many  water  power  developments  with  their  long  electric  trans- 
missions are  not  designed  and  constructed  on  a  basis  sufficiently 
dependable,  and  are  not  sufficiently  free  from  possible  interruption, 
to  make  them  always  desirable  for  all  purposes. 

All  of  these  items  must  receive  due  consideration,  and  the  esti- 
mates of  the  actual  cost  of  power,  against  which  the  hydro-electric 
plant  must  compete  must  be  based  on  local  considerations,  not  only 
of  the  community  in  which  the  power  is  to  be  utilized,  but  of  the 
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various  plants  in  which  an  endeavor  is  made  to  replace  the  power 

now  in  use. 

Most  of   the   points   raised   in    this   discussion    may   be    interred 
from  the  paper  discussed,  but  many  of  them  may  remain  unnotii 
unless  the  paper  is  carefully  analyzed. 

d'he   apparent    scheme   of  analysis  outlined    in    the   paper    -■ 
fundamentally  wrong.      It"   we  grant   that   ever)    community   ha 
hydro-electric  development   at   it-  command,  then   the  investigation 
of  the  power  market  may  he  the  firsl  consideration;  hut    in   i 
cases  it  becomes  the  question  of  a  power  project  seeking  a  mar. 
and  the  first  question  of  importance  is  the  quantity  of  power,  its 
reliability,  and   the   possibility   of  it-   economical   development.      If 
these  questions  are  answered  fairly  favorably,  then  the  careful  scru- 
tiny of  the  market  becomes  essential.     Each  factor  is  of  quite  equal 
importance,   and.   if   each   seems    fairly    favorable  and  if   the    Eeasi 
bility  of  the  entire  project  is  to  receive  Auv  consideration,  the  inves 
tigation  of  each  must  go  hand  in  hand. 

We  are  living  in  an  enthusiastic  age  a-  regards  hydraulic  devel- 
opments, and  the  conservation  of  natural  resources  is  on  every 
tongue.  It  seems  to  be  the  fashion  to  look  into  the  future  and 
almost  every  stream  navigable;  to  see  the  commerce  of  the  world 
sailing  into  Chicago  markets:  to  see  the  arid  lands  of  the  West 
"blossom  as  the  rose,"  and  our  factories  arid  homes  fully  supplied 
with  power  and  heat  by  our  abundant  water  powers.  These  are 
but  Utopian  dream-  in  which  the  engineer  should  have  no  share 
There  are  sufficient  opportunities  for  broad  development-  in  all 
lines.  Irrigation,  drainage,  water  powers,  internal  navigation,  are 
all  subjects  of  vast  importance  and  should  command  the  careful  and 
sane  consideration  of  our  citizen-,  our  statesmen  and  our  engineers; 
but  unless  they  are  so  discussed  and  considered,  and  unless  their 
developments  are  based  on  an  intelligent  commercial  basis,  we  -hall 
surely  face  failures  and  inexcusable  waste.  All  such  development- 
must  stand  the  test  of  careful,  thoughtful  and  thorough  investigation 
and  should  be  attempted  only  when  their  value  to  either  the  com- 
munity or  the  individual  is  fully  understood  and  demonstrated. 

(  'l.i  (SURE. 

Mr.  von  Si  lion:  My  claim  as  to  the  value  and  reliability  of  the 
preliminary  report  and  office  estimate  of  power  output,  feasibility, 
etc.,  cannot  be  misunderstood  as  applying  to  anyone  excepting  the 
expert,  and  in  this  sense,  conveys  no  false  idea  a-  to  hi-  facilities 
to 'form  such  conclusions  as  are  expecied  for  preliminary  guidance, 
which  is  all  that  is  set  up  in  in\  paper  in  tin-  connection.  The 
final  estimates  should,  as  emphasized  in  the  paper,  be  based  onl) 
upon  detail  surveys,  borings,  etc.  The  unit  value-  of  material-  and 
labor  on  which  this  estimate  is  based  are  therein  quoted  and  their 
fluctuations  therefore  have  no  effect  upon  its  reliability,  a-  they 
can  be  readily  compensated   for.     Such  estimates  can  meet  the 
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tual  cost  within  10%  if  the  estimator  is  a  practical  constructor  as 
well  as  an  experienced  designer.  Estimates  based  upon  theoretical 
construction  program  and  methods,  are  certainly  not  admitted  by 
me  to  the  class  referred  in  the  paper. 

Of  the  same  character  is  the  comment  upon  the  statements  in 
this  paper  regarding  the  availability  of  standard  designs  ;  they  are 
certainly  not  claimed  to  be  safe  guides  for  the  inexperienced  en- 
gineer, but  they  are  for  the  experienced  constructor  and  to  none 
else  should  such  plants  be  entrusted.  Certainly  every  location  has 
its  characteristics  and  there  are  standards  of  designs  for  each. 

The  estimates  of  Steam  Power  cost,  compiled  by  the  hydro-elec- 
tric Commission  of  Ontario  cannot  mislead  him  who  reads ;  the  fuel 
cost  basis  is  plainly  given,  and  also  a  correction  table  for  other  coal 
costs ;  labor  on  small  unit  plants  is  not  charged  up  for  a  full  day 
but  proportionally  ;  the  value  of  exhaust  steam  is  an  exception  rather 
than  a  rule,  but  when  all  the  conditions  are  unfavorable  for  the 
hydro-electric  and  extremely  favorable  for  the  steam  plant,  then 
very  likely  the  balance  will  be  in  favor  of  the  latter.  However, 
the  paper  emphasizes  all  these  points  as  being  entitled  to  specific 
individual  analysis  and  the  steam  power  cost  of  the  tables  is  not 
claimed  to  hold  in  any  case. 

It  is  stated  that  the  apparent  scheme  of  the  analysis  outlined 
in  the  paper,  seems  fundamentally  wrong,  in  that  the  market  in- 
vestigation is  not  the  logically  first  important  topic.  The  author 
maintains  that  this  should  be  .the  first  of  the  engineers'  analytical 
topics,  because  the  existence  of  a  water  power  of  some  sort  is 
known  to  the  promoter  when  he  engages  the  engineer,  and  very 
often  the  promoter  knows  a  good  deal  about  it,  but  he  falls  into  a 
common  error,  expressed  in  the  discussion  that  the  market  matter 
can  wait  and  he  would  have  the  engineer  go  out  in  the  woods  with 
a  crew  of  men  and  spend  several  days  making  surveys,  when  an  in- 
telligent canvass  of  the  markets'  capacity  in  one  day,  may  veto 
the  commercial  feasibility  of  the  best  possible  water-power  oppor- 
tunity. 
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INTRODUCTORY. 

There  is  no  subject  in  the  broad  scope  of  mechanical  engineering 
that  has  progressed  as  slowly  as  that  of  boiler  design,  where  thermal 
efficiency  is  to  be  considered.  The  problem  of  arranging  heating 
surface  so  that  it  will  absorb  the  highest  per  cent,  of  heat  pre- 
sented to  it  is  one  that  is  little  understood.  By  comparison,  the 
amount  of  literature  on  the  way  in  which  ho:  give  up  their 

heat,  through  cooling  surfaces,  becomes  very  small  when  the  large 
amount  of  information  on  most  other  engineering  subjects  is  con- 
sidered. The  boiler  purchaser  can  easily  enough  make  his  choice 
when  strength,  maintenance  and  the  like  are  considered,  but  when 
Tie  has  to  consider  fuel  economy  it  is  doubtful  if  he  can,  with  auth<  >r- 
ity,  say  which  boiler  is  the  most  efficient.  In  general,  this  property 
is  the  one  that  is  least  seriously  considered.  It  seems  strange  that 
this  subject  of  the  transfer  of  heat  from  gases  to  water  has  not 
been  attacked  in  a  more  serious  manner,  when  we  consider  that 
since  the  introduction  of  steam  for  power,  the  boiler  has  played 
the  most  important  part  in  the  field  of  mechanical  engineering. 

The  object  of  this  paper  is  to  show  that  if  all  possible  care  is 
taken  to  secure  accurate  and  complete  data,  when  tests  of  steam 
generators  are  made,  we  can  by  going  beyond  the  usual  calcula- 
tions arrive  at  data  which  may  at  least  introduce  us  into  this  field 
of  investigation.  In  order  that  the  meaning  of  terms  used  in  this 
paper  will  be  properly  interpreted,  data  and  calculations  of  an  as- 
sumed test  are  here  given. 

DATA    VXD  CALCULATIONS. 

Grate  Efficiency. — Eg. 

Wet  coal  used  per  hour 1 121  lbs. 

Refuse  from  furnace  per  hour 179  'DS- 

Pounds  of  refuse  from  one  pound  of  wet  coal    (179-H 

1121)    0.1597  lbs. 


;].-. 


ne 
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Analysis  of  wet  coal,  refuse  and  fuel  arising  from  the  grate: 

A  B  CD 


Composition         Composition 

of  one  pound        of  one  pound 

of  wet  coal  of  refuse 


Moisture    0.0969  0.0000 

Carbon    °-579°  0.1240 

Hydrogen   0.0409  0.0098 

Oxygen    °-°774  0.0263 

Nitrogen   0.0100  0.0042 

Sulphur    0.0438  0.0179 

Ash    0.1520  0.8178 


Composition 

of  refuse  from 

one  pound  of 

wet  coal 

(Colun  n  B 
times  0.1597) 

O.OOOO 
O.OI98 
O.OOl6 
O.OO42 
O.OOO7 
O.O028 
O.I306 


Fuel  from 
one  pound 
of  wet  coal 
that   arises 

from  the 
grate  (Col- 
umns A-C) 

O.O969 

0.5592 
O.O393 
0.0732 
O.OO93 
O.O4IO 
0.02I4 


Total   i, 1. 0000 


1 .0000 


0-I597 


0.8403 


Calorific   value   of   wet   coal 

and  refuse  in  B.  t.  u 10706  2324  371  10335 

Column  D  represents  the  fuel  that  ascended  from  the  grate  for 
every  pound  of  wet  coal  used  and  the  heat  that  the  grate  has  made 
possible  to  be  developed  in  the  combustion  space  from  one  pound  of 
wet  coal  is  10335  B.  t.  u.  The  efficiency  of  the  grate  may,  then,  be 
represented  by   10335  X  100-^10706 9^-53 

Combustion  Chamber  Efficiency — Ec. 

Temperature  of  escaping  gases 564  deg.  Fah. 

Temperature  of  air  and  coal  entering  furnace 74  deg.  Fah. 

Temperature  of  steam  in  the  boiler 325  deg.  Fah. 

Average  of  Orsat  readings : 

C02=  8.50  per  cent  by  volume, 

0,=  1 1 .  14  per  cent  by  volume, 

CO=  0.04  per  cent  by  volume, 

N=8o.32  per  cent  by  volume. 

If  we  assume  equal  percentages  of  carbon  and  sulphur  burned,  the 
correction  for  the  presence  of  sulphur  dioxide  may  be  made  as  fol- 
lows 

The  relative  weight  of  C  in  CO,=per  cent  C02  by  volume,  times 
12. 

The  relative  weight  of  C  in  CO=per  cent  CO  by  volume,  times  12. 

The  relative  weight  of  S  in  SO,=per  cent  SO,  by  volumes,  times 
32- 

The  ratio  of  the  weight  of  carbon  to  the  weight  of  sulphur  may, 
then,  be  expressed  thus:  i2Xper  cent  CO,-f-i2Xper  cent  COH-32 
X  per  cent  S02 ;  which  from  Column  D  above  is  0.5592-^0.0410. 
From  the  Orsat  readings  the  per  cents  of  CO,~f-SO,=8.5  from 
wh;ch  the  SO,=8.5 — CO,.     Substituting  this  value  in  the  above  we 
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i2X%CO,+i2>  %C0     .55 

have  = from  which  equation  ( '<  >,=  E 

32(8.5 -%C02)  .0410 

per  cent;  S02=8.5  -8.27=0.23  per  cent. 

Gas  analysis  corrected  for  S02  content  is  then : 

CO,=  8.27  per  cent  by  vi  >lume, 

S02=  0.23  per  cent  by  volume, 

02=  1 1 .  14  per  cent  by  volume, 

CO=  0.04  per  cent  by  volume, 

N=8o-32  per  cent  by  volume. 

100.00 

The  ratio  of  the  weight  of  (  '<  ',  -  SO,+02+CO+N  to  one  pound 
of  carbon  can  be  determined  from  the  following  expression: 
70o+4X%C02+9X%SO,  \-%Ot 

.   which,  when  evaluated    for  this 

3(%C02+%CO) 

particular   case   gives 29-94  lbs. 

Moisture  in  one  pound  of  air 0.009  lbs. 

Useful  heat  absorbed  by  the  boiler  per  pound  of  wet  coal.  .6290  B.t.u. 

If  we  assume  that  CO  as  shown  by  the  gas  analysis  was  the  only 
form  of  incomplete  combustion,  we  may  form  a  heat  balance  as  fol- 
lows :     Calorific  value  of  one  pound  of  wet  coal,  10706  B.  t.  u. 
ITEM  11.  t.u. 

I  Useful  heat  absorbed  by  the  boiler 6290 

II  Heat  carried  away  by  moisture  from  the  coal^o.oo/x) 

(212— 74+966+0.48 (  564—212)) [23 

III  Heat  carried  away  by  water  formed  by  the  burning  of  hy- 

drogen =9X0.0393  (212—74+966+0.48  (  564—212)  )    450 

IV  Heat  carried  away  by  "dry  gases"=29.Q4  |  — 

74  10.24   1969 

A"     Heat  carried  away  by  moisture  in  the  air=  1 6.37 X .009 

(564—74  10.48  '.  .  .' 35 

VI     Heat  radiated    

ATI    Heat  value  of  refuse 37 1 

CO 

VIII     Heat  value  of  CO= X0.5592X  10150 27 

CO 
By  difference 869 

10706 
The  869  B.  t.  u.  of  the  last  item  of  the  heat  balance  indicated  that 
CO  was  not  the  only  form  of  incomplete  combustion;  for  all  of  the 
heat  value  of  the  fuel  ascending  from  the  grate,  i.  e.   10335    B.  t. 
u.  for  every  pound  of  wet  coal  used,  vt  veloped.    This  means 

that  the  fuel  represented  by  Column  I>  in  the  above  table  was  not 
completely  burned  and  therefore  rtems  III  and  IV  of  the  heat  balance 
may  be  in  error,  for  they  are  calculated  on  the  assumption  that 
was  the  only  form  of  incomplete  combustion. 
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That  per  cent  of  the  heat  value  of  the  fuel  arising  from  the  grate 
(10335  B.  t.  u.)  that  was  actually  developed  may  be  called  the  effi- 
ciency of  combustion,  or  the  percentage  of  completeness  of  com- 
bustion. For  convenience  this  efficiency  may  be  represented  by  Ec. 
The  value  of  the  sum  of  the  heat  balance  Items  III  and  IV  can  be 
closely  approximated  by  multiplying  the  sum  of  these  items  as  above 
computed  for  the  heat  balance  by  the  value  of  Ec. 

The  accompanying  table  shows  the  correct  value  of  the  sum  of 
Items  III  and  IV  for  various  conditions  of  incomplete  combustion 
and  also  the  possible  error  in  B.  t.  u.  that  might  arise  by  approximat- 
ing this  sum  by  the  method  just  stated : 


«    £  M:  11   £ 


E  5  «     . 

°  3  o       £  -  S       £  =  u       in  -  v       '';  - 

I  \     %  5    r  ■  %  js       1    n       -:    1  .s 

do  =  —     2  J     5  J     2  —        j« 

a|  '         -3   J      g     -3   i  B      -a   J  B      -    e  3 

«S  .  S    s       t      S    s  £       £    s  fc       3    3  s 

Z-a  x  os    y       a      2:    a  a       as    w  a       &    y  a 

Ho  62100    2419    o    2324    — 26    2228    — 51     2133    — yy 

QH4  21465     2419    o    231 1     — 13     2199    — 22    2089    —33 

CH4  23851     2419    o    2302    — 4      2184    — 7       2067    — 11 

C  14600     2419    o     2298        o      2177        o      2057    — 1 

With  the  Items  III  and  IV  corrected,  the  sum  of  Items  I  to  VI 
inclusive  represents  all  the  heat  that  has  been  generated  from  one 
pound  of  wet  coal  and  this  sum  multiplied  by  100  and  divided  by 
the  heat  value  of  the  fuel  arising  from  the  grate  (10335  B.  t.  u.)  is 
the  value  of  the  efficiency  of  coriibustion.  This  statement  is  repre- 
sented by  the  following  equation : 

450  Ec     1969  Ec  100 

(6290+  i23H 1 p35+572)  ( )— Ec. 

100  100  I0335 

from  which  the  value  of  Ec  is  found  to  be  88.68. 
The  heat  balance  as  corrected  is,  then, 
Heat  value  of  one  pound  of  wet  coal  10706  B.  t.  u.  =  ioo%. 
Item.  B.  t.  u.     Per  cent. 

I     Useful  heat  absorbed  by  the  boiler 6290  58.75 

II     Heat  carried  away  by  moisture  from  the  coal     123  1..15 

III  Heat  carried  away  by  water  formed  by  the 

burning  of  hydrogen=-45oXEc 399  3.74 

IV  Heat  carried  away  by  the  "dry  gases"=i969 

XEr   , 1746  16.31 

V     Heat  carried  away  by  moisture  in  the  air.  . .  .  35  0.33 

VI     Heat  radiated 572  5.35 

VII     Heat  value  of  refuse 371  3.47 

VIII     Heat  value  of  unburned  gases=(ioo — Ec) 

10335= 1 170  10.90 

Total    10706         100.00 
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Furnace  Efficiency— 1 

The  term  furnace  has  come  to  include  not  only  the  grate  and 
apparatus  for  stoking  the  coal  and  releasing  the  refine,  but  to  include 
also  the  entire  combustion  space.  It  is  therefore  proper  to  define 
the  efficiency  of  the  furnace  as  that  per  cent  of  the  heat  value  of  the 
wet  coal  that  is  presented  to  the  boiler.  The  sum  of  the  first  six 
items  of  the  heat  balance,  9165  B.  t.  u..  represents  the  heat  gener- 
ated, so  we  may  calculate  the  furnace  efficiency  thus : 

9165 

Ef= =85.60. 

10706 
It  may  also  be  determined  thus:   Ef=EgX £0=96.53X88.68=85.60. 

In  the  strictest  sense  of  the  definition,  the  heat  radiated  from  the 
furnace  should  be  subtracted  from  the  total  heat  generated,  but  the 
radiation  loss  is  at  best  hard  to  determine  and  it  will  be  convenient 
to  charge  all  of  it  to  the  boiler. 

It  will  be  noticed  that  the  various  efficiencies  defined  deal  with 
heat  quantities.  The  word  efficiency,  as  commonly  used  by  engineers, 
implies  a  ratio  and  indicates  that  a  portion  of  the  quantity  with  which 
we  are  dealing  has  been  lost  or  otherwise  rendered  useless.  The 
efficiency  of  a  furnace  must  not  be  taken  as  a  measure  of  its  effective- 
ness, for  the  function  of  a  furnace  is  to  not  only  develop  all  of  the 
heat  value  of  the  wet  coal  but  to  deliver  the  products  of  combustion 
to  the  boiler  at  the  highest  possible  temperature.  Thus  the  idea  of 
an  efficient  furnace  in  the  sense  of  its  being  effective  includes  both 
quantity  and  intensity  of  heat  and  cannot  be  expressed  by  a  ratio. 

Boiler  Efficiency — Eb. 
The  boiler  efficiency  as  used  in  this  discussion  is  defined  as  the 
per  cent  of  the  heat  generated  that  has  been  absorbed  by  the  boiler 
and  carried  away  in  the  steam.    It  is  calculated  thus : 

6290X100 
Eb= =68.63.     This  efficiency  will  be  used  frequently  in 

9165 
the  latter  part  of  this  paper. 

It  may  be  well  to  note  the  difference  between  boiler  efficiency  Eb 
as  here  defined  and  the  "boiler  efficiency"  as  given  in  item  72  of  the 
A.  S.  M.  E.  code.  There  are  two  ways  in  which  this  efficiency  as 
givn  by  the  code  is  usually  determined. 

Assuming  the  following  data,  these  two  methods  are  given : 

First  Method : 

Total  weight  of  dry  coal  consumed 10,046  lbs. 

Total  weight  of  refuse J.78o  lbs. 

Total  moisture  free  fuel  arising  from  ^rate 8,266  lbs. 

Total  water  evaporated  from  and  at  21  2  .leg.  Fah 724*3  lbs. 

Calorific  value  of  one  pound  of  moisture  and  ash  free 

coal  as  determined  by  the  calorimeter ^14.252  R.t.u. 
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72413X9657 

"Boiler  efficiency"^ =59.36. 

8266X14252 

The  "efficiency"  as  here  calculated  may  be  defined  as  the  ratio  of 
the  useful  heat  absorbed  by  the  boiler  to  the  heat  that  would  have 
been  developed,  if  we  assume  that: 

1st.  The  heat  value  of  each  pound  of  the  moisture  free  fuel  aris- 
ing from  the  grate  would  have  been  the  same  as  the  heat  value  of 
one  pound  of  the  moisture  and  ash  free  coal ;  and 

2nd.  That  the  fuel  arising  from  the  grate  would  have  been  com- 
pletely burned. 

Second  Method: 

The  fixed  carbon  plus  the  volatile  matter  referred  to 

wet  coal  is 75-12  per  cent 

Total  wet  coal  fired 11,124  pounds 

Total  coal,  moisture  and  ash  free  used,  11 124X0.75 12.  8,356  pounds 

Total  refuse   1,780  pounds 

"Combustible"  in  refuse 18.22  per  cent 

Total  "combustible"  in  the  refuse  1780X0.1822 324  pounds 

Total  "combustible"  arising  from  the  grate,  8356 — 324    8032  pounds 

72413X9657 
Boiler  efficiency = =61.12 

8032X14252 

This  efficiency,  as  here  calculated,  may  be  defined  as  the  ratio  of 
the  useful  heat  absorbed  by  the  boiler  to  the  amount  of  heat  that 
would  have  been  generated  if  we  assume  that 

1st.  The  heat  value  of  one  pound  of  the  "combustible"  in  the 
refuse  was  the  same  as  the  heat  value  of  one  pound  of  the  moisture 
and  ash  free  coal ;  and 

2nd.  That  the  fuel  arising  from  the  grate  would  have  been  com- 
pletely burned. 

If  the  first  supposition  and  only  the  first  of  either  definition  was 
correct,  this  item  72  of  the  A.  S.  M.  E.  code  would  represent  the 
efficiency  of  the  combined  boiler  and  combustion  space,  Eb  times  Ec, 
and  if  suppositions  one  and  two  were  both  correct,  the  result  would 
be  the  same  as  the  boiler  efficiency  Eb  defined  above.  There  can 
easily  be  a  difference  of  14  per  cent  of  the  heat  value  of  one  pound 
of  wet  coal  between  either  of  the  values  of  item  J2  of  the  code  and 
the  value  of  the  boiler  efficiency  Eb  defined  above.  For  ordinary 
commercial  tests  there  can  be  no  great  importance  attached  to  the 
value  of  this  "boiler  efficiency,"  Item  72,  A.  S.  M.  E.  code  and  as  it 
is  very  misleading,  it  should  be  omitted  to  avoid  confusion. 

Efficiency  of  Boiler  and  Furnace  Combined — E. 

The  efficiency  of  the  boiler  and  furnace  combined  is  the  efficiency 

of  the  whole  steam  generating  apparatus.     It  may  be  defined  as  the 

per  cent  of  the  heat  value  of  the  wet  coal  that  has  been  absorbed  by 

the  boiler  and  carried  awav  in  the  steam.     It  is  the  same  as  that 
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given  as  Item  73  in  the  A.  S.  M.  E.  Code  as  "The  efficiency  of  boiler 

including  grate."     It  is  calculated  thus: 
6290X 100 

E=— =5875  or 

10706 
E=EgxEcxEb=EfxEb=96.53X88.68x68.6^= 
85.60X68.63=58.75 

Pounds  of  Gas  Delivered  to  the  Boiler  per  Hour. 

If  the  combustion  of  the  fuel  arising  from  the  grate  had  been  com- 
plete, the  weight  of  the  dry  gas  per  "pound  of  wet  coal  would  have 

been [6.74  pounds 

and   the    moisture    formed    from   burning   hydrogen 

would  have  been 0.3537  pounds 

It  has  been  shown,  however,  that  only  88.68  per  cent  of  the  heat 
value  of  the  fuel  arising  from  the  grate  has  been  generated  and  con- 
sequently the  actual  values  of  these  items  are  in  error.  We  may 
greatly  reduce  this  error  by  assuming  that  only  88.68  per  cent  of  each 
of  the  constituents  C,  H  and  S  arising  from  the  grate  to  be  burned ; 
on  this  assumption  the  weight  of  dry  gases  for  one  pound  of  wet  coal 

is   14.85  lbs. 

and  the  weight  of  water  formed  from  burning  hydrogen  is  0.3137  lbs. 

The  total  weight  of  water  in  the  gases  from  one  pound  of  wet  coal 
then  is : 

Water  from  burning  hydrogen 0.3137  lbs. 

From  moisture  in  the  air 0.1494  lbs. 

Moisture  in  coal 0.0969  lbs. 

Total 0.5600  lbs. 

"Dry  Gas"  per  pound  of  wet  coal T4-85      lbs. 

Total  gas  per  pound  of  wet  coal 1 5.41      lbs. 

Total  pounds  of  gas  delivered  to  the  boiler  per  hour  is 

1121X1541   or    17.275  lbs. 

Heat  Available  to  the  Boiler  per  Pound  of  Wet  Coal. 

By  available  heat  is  meant  the  heat  in  the  furnace  gases  above  the 
steam  temperature  of  325  deg.  Fah. 

In  the  method  given  here  for  studying  the  heat  absorbing  proper- 
ties of  steam  boilers,  the  exact  value  of  the  specific  heat  of  the 
products  of  combustion  and  the  fact  that  this  value  might  materially 
increase  with  high  temperatures,  are  of  no  consequence.  It  is  only 
necessary  that  the  B.  t.  u.  carried  by  each  pound  of  gas  and  the  B.  t.  u. 
available  for  raising  temperatures  are  correctly  determined.  The 
use  of  the  specific  heat  may  be  entirely  done  away  with  by  substi- 
tuting for  the,  calculated  initial  temperature,  the  number  of  B.  t.  u. 
available  for  raising  one  pound  of  gas  from  the  temperature  of  the 
atmosphere  to  that  of  the  furnace. 
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In  the  following  calculations,  the  specific  heat  of  the  gas  is  taken 
as  0.249  throughout  the  entire  range  of  temperature.  This  value  is 
determined  thus: 

Weight  of  dry  gas  in  one  pound  of  the  products  of  com- 
bustion     0.9637  lbs. 

Total  weight  of  steam  in  one  pound  of  the  products  of 

combustion    0.0363  lbs. 

0.9637X0.24=0.231 
0.0363  Xo.48=o.oi8 


0.249 

It  will  be  convenient  to  assume  that  0.249  is  the  specific  heat  of 
water  from  74  deg.  Fah.  to  212  deg.  Fah.  and  to  add  to  the  latent 
heat  of  vaporization  the  additional  heat  required  to  raise  the  0.0266 
pounds  of  water  from  74  deg.  Fah.  to  212  deg.  Fah.,  thus: 

Latent  heat  in  one  pound  of  gas=o.o266X966 25.70  B.  t.  u. 

(1.00 — 0.249)    (212 — 74)   0.0266 2.76 

28.46 
Heat  in  one  pound  of  gases  not  available  for  raising 
temperature    28.46  B.  t.  u. 

There  are  15.41  pounds  of  gas  for  every  pound  of  wet  coal  burned 
and  9165  B.  t.  u.  liberated  from  each  pound  of  wet  coal,  therefore 
each  pound  of  gas  carries,  initially,  9165-7-15.41,  or  595  B.  t.  u. 
"   This  595  B.  t.  u.  may  be  divided  as  follows : 

Latent  heat 28.46 

Heat  to  raise  the  temperature  from  74  F.  to  325  F. 

(325—74)   0.249 62.50  B.t.u. 

Heat  above  boiler  temperature  325  F.  (by  difference)  .  .504.04  B.  t  u. 

Total 595-QO  B.  t.  u. 

The  total  heat  available  to  the  boiler  per  pound  of  wet  coal  is 
15.41X504.04=7767  B.  t.  u.  This  is  84.75  Per  cent  0I  the  ^eat  tnat 
was  generated. 

Calculated  Initial  Temperature. 

The  504.04  B.  t.  u.  in  one  pound  of  gas  above  325  deg.  Fah.  will 
raise  the  temperature  of  the  gas  504.04-f-0.249  or  2024  deg.  Fah. 
The  calculated  initial  temperature  is,  then,  2024-1-325=2349  deg. 
Fah.  The  calculated  initial  temperature  is  higher  than  the  actual 
furnace  temperature  for  the  following  reasons : 

1st.  The  specific  heat  of  the  gases  at  these  high  temperatures  is 
probably  higher  than  0.249. 

2nd.  Heat  is  absorbed  by  the  boiler  before  combustion  is  com- 
plete. 

3rd.    Heat  is  radiated  from  the  furnace. 
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True  Boiler  Efficiency,  Et. 

In  the  boiler  efficiency  Eb  as  defined  above,  a  condition  is  imposed 
which  prevents  the  boiler  from  ever  having  an  efficiency  of  ioo.  To 
be  perfectly  fair  to  the  boiler  builder  we  may  express  the  heat  ab- 
sorbed as  a  per  cent  of  the  heat  available,  thus  : 

6290X100 

Et= =80.98 

7767 
This  per  cent  has  been  called  the  true  boiler  efficiency  for  the  rea- 
son that  it  is  a  better  measure  of  the  boiler's  effectiveness.     Since 
Et=Eb  divided  by  the  available  heat  expressed  as  a  per  cent  of  the 
heat  generated,  we  may  get  an  idea  of  the  dissipation  of  the  heat 
value  of  one  pound  of  the  wet  coal  from  the  following : 
EgXEcX84.75XEt=Eor 
96.53X88.68X84.75X80.98=58.75. 


DETERMINATION  OF  THE  VARIOUS  WAYS  IN  WHICH   A  GIVEN  CAPACITY 
MAY  BE  DEVELOPED. 

Referring  to  Chart  1,  AB  and  CD  are  two  rectangular  axes  inter- 
secting at  O,  the  ordinates  represent  temperature  and  the  abscissae 
the  number  of  pounds  of  gas  delivered  to  the  boiler  per  hour. 

The  origin  O  represents  the  point  of  zero  pounds  of  gas  per  hour 
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and  the  temperature  of  the  atmosphere=74  deg.  Fah.  We  may  plot 
on  these  two  axes  the  two  furnace  conditions  of  the  above  test,  which 
determine  the  heat  absorbed  by  the  boiler  per  hour.  In  this,  QF 
represents  the  17,275  pounds  of  gas  delivered  from  the  furnace  to 
the  boiler  per  hour  and  FE  represents  the  calculated  temperature, 
2349  deg.  Fah.  The  position  on  the  chart  of  the  point  E  fixes  the 
amount  of  heat  absorbed  by  the  boiler  per  hour  which  was  1121X 
6290 =7,05 1,090  B.  t.  u.,  or  the  equivalent  of  210  boiler  horse  power. 
This  means  that  every  time  the  furnace  delivers  to  this  particular 
boiler  17,275  pounds  of  gas  per  hour,  at  a  temperature  2349  deg. 
Fah.,  the  boiler  will  develop  210  B.  H.  P. 

Experiments  have  demonstrated  that  this  same  capacity  can  be 
developed  by  a  lower  temperature  than  2349  deg.  Fah.,  provided 
the  number  of  pounds  of  gas  delivered  to  the  boiler  is  increased ;  in 
other  words,  points  E'  and  E"  also  represent  furnace  conditions 
which  will  cause  the  boiler  to  develop  210  B.  H.  P. 

The  line  of  uniform  capacity  E,  E',  E",  can  be  determined  by  con- 
ducting eight  or  nine  tests,  all  run  at  the  same  capacity,  210  B.  H.  P., 
but  each  differing  from  the  others  in  the  number  of  pounds  of  air 
used  per  pound  of  coal,  and  plotting  the  furnace  conditions  of  each 
test  on  the  chart  as  has  been  done  in  the  example  given. 

The  idea  of  developing  a  chart  similar  to  that  of  Chart  1,  occurred 
to  the  author  while  he  was  employed  by  the  Government  as  data  ob- 
server on  the  tests  made  by  the  U.  S.  Geological  Survey  at  St.  Louis, 
in  1905,  and  he  determined  to  try  out  this  scheme  on  these  St.  Louis 
tests.  The  data  from  these  tests  was  not  well  adapted  for  the  work 
at  hand,  for  to  accurately  determine  constant  capacity  curves  such 
as  E,  E',  E",  the  following  four  conditions  should  exist:    • 

1.  Uniform  feed  of  fuel  to  the  furnace  is  the  most  important 
one  to  be  observed.  In  the  case  of  hand-fired  furnaces,  it  is  impossi- 
ble to  get  a  representative  sample  of  the  stack  gases  because  the  rate 
of  gas  production  in  the  furnace  is  exceedingly  variable,  due  to  the 
opening  of  the  fire  doors  and  to  the  rapid  and  intermittent  volatili- 
zation. Now  the  composition  of  the  gas  changes  quite  as  much  as 
does  the  rate  of  gas  production  and  these  two  changes  occur  at  the 
same  instant,  so  in  order  to  get  a  correct  sample  of  gas,  the  rate  of 
drawing  the  sample  from  the  stack  must  change  exactly  as  the  rate 
of  gas  generation  and  these  two  rate  changes  must  occur  simultane- 
ously. Needless  to  say  it  is  impossible  to  even  approximate  these 
conditions.  The  error  arising  from  this  source  is  much  greater  than 
may  at  first  thought  be  supposed. 

2.  A  self-cleaning  stoker  should  be  used  so  that  the  conditions  of 
capacity  and  furnace  temperature  may  be  kept  from  varying.  A 
chain  grate  would  be  well  suited  to  this  work. 

3.  A  means  should  be  provided  to  determine  the  amount  of  heat 
radiated  per  hour. 

4.  A  uniform  fuel  should  be  used  for  every  test  in  order  that 
(a)  the  specific  heat  of  the  gases  will  be  kept  as  nearly  as  possible 
the  same  in  every  instance ;  (b)  the  latent  heat  in  the  gases  from  one 
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pound  of  coal  will  be  as  nearly  as  possible  the  same  in  every  in- 
stance;  (c)  the  efficiency  of  the  grate  and  the  completeness  of  com- 
bustion each  be  kept  as  high  as  possible. 

Now,  not  one  of  these  four  conditions  existed  in  tin-  St  I  ouis 
tests.  They  were  made  with  a  hand-fired  furnace.  The  capacity  and 
furnace  temperatures  varied  materially  during  any  one  test.  No  pro- 
vision was  made  to  regulate  or  determine  the  amount  of  heat  radi- 
ated. Usually  only  two  or  three  tests  were  made  on  the  fuel  from 
anv  one  mine. 


POUNDS        OF       6AS       PASSING         OVER        HEAT/N6         SURFACE       PER       HOUR 


Chart  2 
In  addition  to  these  variable  conditions,  the  data  on  stack  tem- 
peratures  for  at  least  one-half  of  the  tests  are  considered  by  the 
author  to  be  seriouslv  in  error.    There  was  no  ultimate  analysis  made 
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of  the  refuse.  There  were  at  hand,  however,  the  data  for  quite  a 
number  of  tests,  so  the  various  things  which  would  in  individual 
tests  cause  the  location  of  point  E,  Figure  I,  to  be  in  error,  were 
partly  overcome  by  the  following  scheme :  If  there  were,  say,  six 
tests  found  that  were  all  nearly  the  same  with  respect  to  capacity 
developed,  calculated  initial  temperature  and  pounds  of  gas  used  per 
hour,  the  data  for  these  six  tests  would  be  averaged  and  the  various 
averages  considered  as  data  from  one  representative  test.  In  this 
way  the  355  actual  tests  were  reduced  to  40  representative  tests. 
When  the  data  from  these  40  representative  tests  were  plotted  the 
result  was  quite  gratifying.  Chart  2  shows  the  point  E  of  Chart  1, 
located  for  the  40  representative  tests  and  the  lines  of  uniform  ca- 
pacity drawn  through  these  points.  The  numbers  by  the  points  in- 
dicate the  number  of  tests  averaged  for  a  representative  test  and  the 
average  capacity  developed  expressed  in  per  cent   of  rating. 

In  order  to  determine  with  considerable  accuracy  the  lines  of  uni- 
form capacity,  their  analytical  equations  have  been  determined.  Their 
general  form  is 

(y— 6i)n.x=k 
where  y=B.  t.  u.  available  for  raising  the  temperature  of  one  pound 
of  gas ;  x=pounds  of  gas  used  per  hour,  and  n  and  k  are  arbitrary 
constants.  The  locations  of  all  of  the  40  points  have  been  used  to 
determine  each  line  of  uniform  capacity  by  expressing  both  n  and  k 
as  functions  of  the  capacity  developed. 

Having  given  the  various  ways  in  which  known  boiler  capacities 
may  be  developed,  to  determine 

1st.  With  any  given  capacity  what  effect  different  furnace  tem- 
perJtures  will  have  on  the  boiler's  efficiency  Eb. 

2nd.  With  any  given  furnace  temperature  what  effect  increasing 
the  capacity  of  a  boiler  will  have  on  its  efficiency  Eb. 

The  points  in  Chart  2  could  each  be  numbered  with  the  efficiency 
Eb  with  which  their  representative  tests  were  run  and  lines  of  uni- 
form boiler  efficiency  Eb  located.  But  in  order  to  determine  the  lines 
of  uniform  efficiency  with  a  greater  degree  of  accuracy,  a  more 
elaborate  scheme  has  been  used.  On  the  right  side  of  Chart  1  is  the 
scale  showing  the  B.  t.  u.  that  is  available  for  raising  the  temperature 
of  one  pound  of  gas.  It  was  shown  in  the  calculations  for  the  test 
given  that  in  addition  to  the  heat  available  for  raising  temperature 
there  was  for  every  pound  of  gas  the  equivalent  of  28.46  B.  t.  u.  of 
latent  heat  of  evaporation.  Using  the  scale  to  the  right  (of  Chart 
1 )  we  may  lay  off  F  G  equal  to  this  28.46  B.  t.  u.  so  that  E  G  will 
represent  the  total  heat  in  one  pound  of  gas  and  since  C  E  repre- 
sents the  number  of  pounds  of  gas  used  per  hour,  the  area  CEGD 
represents  the  amount  of  heat  generated  in  the  furnace  per  hour. 

With  a  given  fuel  and  uniform  conditions  of  completeness  of  com- 
bustion, the  equivalent  latent  heat  of  vaporization  in  the  gases  is  a 
given  fixed  per  cent  of  the  total  heat  generated,  so  that  the  distance 
F  G  always  bears  a  fixed  relation  to  the  distance  F  E ;  in  the  exam- 
ple given 
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F  G 


=0.05,  so  that  F  G+F  E=i.os  F  '• 

F  E 
The  total  heat  developed  in  the  furnace  per  hour  may  then  he  ex- 
pressed thus : 

Area  C  E  G  D=i.05  xv 
Now,  the  heat  absorbed  by  the  boiler  per  hour  is  a  constant  for 
any  point  along:  a  given  uniform  cap  curve,  so  that  if  we  represent 
this  quantity  of  heat  by  H,  we  may  write 

HXioo 

1.05  XV 
But  from  the  equation  of  the  uniform  cap  curves 

K 


(y— 61  )n 

Substitute  this  value  in  the  above,  we  have 

H  100  (y — 61  )n 

Eb= 

1.05  Ky 
As  H,  K  and  N  are  constants  for  any  given  capacity,  the  above  ex- 
pression states  that  there  is  a  definite  relation  between  the  boiler 
efficiency  Eb  and  the  furnace  temperature  when  any  one  capacity  is 
considered.  The  expression  is  an  empirical  formula  in  the  sense 
that  it  is  not  derived  from  theory  but  gives  the  relation  as  has  been 
determined  by  actual  performance. 

Different  values  have  been  assigned  to  Y  in  this  equation  and  the 
corresponding  boiler  efficiency  Eb  calculated.  This  was  done  for 
each  of  the  7  curves  of  uniform  capacity  shown  in  Chart  2. 

To  illustrate:  It  was  found  that  when  the  boiler  developed  70% 
of  its  rating  the  following  relations  as  determined  by  this  equation 
existed: 

Assigned  values  of  y  Corresponding  calculated 

values  of  Eb 
1640  61 

1710  62 

1780  63 

1850  64 

1925  6$ 

2005  00 

2085  67 

2180  68 

2265  69 

2365  70 

2480  7i 

2625  72 

2780  73 

2970  74 
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Chart  3 

The  relations  thus  calculated  have  been  shown  graphically  in  Chart 
3,  points  along  the  curve  of  70%  capacity  being  located  whose  initial 
temperatures  were  1640,  1710.  1780,  etc.,  and  these  points  labeled 
with  their  corresponding  values  of  Eb. 

Similar  points  were  located  for  all  seven  uniform  cap  curves  and 
curves  of  uniform  boiler  efficiency  drawn  through  points  that  were 
alike  in  their  value  of  Eb. 

Chart  3  is  the  same  as  Chart  2,  except  that  the  lines  of  uniform 
Eb  have  been  added  and  the  numbers  by  the  40  points,  indicate  the 
Eb  which  was  calculated  from  actual  data  and  the  number  of  tests 
averaged. 

It  is  to  be  noted  that  the  positions  of  the  40  points  on  these  charts 
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were  determined  by  knowing  what  happened  in  the  furnace  and 
from  these  data  one  may,  by  the  point's  position  on  the  chart  de- 
termine very  closely  what  are  the  boiler  capacity  and  the  boiler 
efficiency  Eb. 

Of  the  40  representative  tests  plotted,  the  difference  between  the 
capacity  as  calculated  in  the  usual  way  and  the  capacity  as  deter- 
mined from  the  point's  position  on  the  chart-,  is 
For  20  tests,  less  than  1%  of  rating, 
For  13  tests,  between  1%  and  2%  of  rating, 
For    5  tests,  between  2%  and  3%  of  rating, 
For    1  test,    between  3%  and  4%  of  rating, 
For     1  test,   between  4%  and  =,'/<   of  rating. 
The  difference  between  the  Eb  as  calculated  and  the  Eb  as  deter- 
mined from  the  chart  is 

For  28  tests,  less  than  1  %  of  the  heat  generated, 
For    7  tests,  between  1%  and  2%, 
For    4  tests,  between  2%  and  3%, 
For     1  test,   between  3%  and  4%. 
It  is  the  author's  opinion  that  if  the  4  ideal  test  conditions  which 
have   been   set   forth   above   for   determining  these  charts   had  ex- 
isted, the  location  of  point  E  should,  for  each  individual  test,  have 
come  within  less  than  one  per  cent  of  its  allotted  position. 

When  the  author  first  attempted  to  establish  a  relation  between 
the  heat  absorbed  by  the  boiler  and  the  furnace  conditions,  the 
nificance  of  the  unaccounted  for  loss  which  appears  as  Item  VI  in 
the  heat  balance  of  the  A.  S.  M.  E.  Code  was  not  well  understood 
by  him  and  consequently  all  calculations  were  made  on  the  assump- 
tion that,  aside  from  the  C  O  loss,  combustion  was  complete.  On 
this  assumption,  the  boiler  efficiency  defined  in  the  code  under  Item 
72,  became  that  per  cent  of  heat  generated  that  was  absorbed  by  the 
boiler.  There  was  little  success  obtained  on  this  basi^  and  there  was 
no  regularity  about  the  locations  of  the  points.  This  fact,  that  there 
is  not  a  well  defined  arrangement  of  the  points  until  incomplete  com- 
bustion was  taken  account  of,  should  be  taken  as  convincing  evi- 
dence that  there  are  often  losses  due  to  incomplete  combustion,  which 
losses  cannot  be  determined  from  the  analysis  of  the  escaping  g; 
and  that  the  method  set  forth  in  this  paper  for  determining  the 
amount  of  this  loss  is  quite  accurate  and  practical. 

WHY  INCREASING  CAPACITY  AFFECTS  THE  BOILER  EFFICIENCY    IN    THE 

MANNER  SHOWN    BY   CHART   3. 

It  is  shown  in  Chart  3  that  at  a  calculated  initial  temperature  of 
3300  deg.  Fah.  the  boiler  absorbs  75.3  per  cent  of  the  heat  genera 
irrespective  of  the  capacity  being  developed.  \t  lower  temperatures 
than  3300  deg.  Fah.  the  boiler  is  more  efficient  when  run  at  the 
lower  capacities;  for  instance,  with  an  initial  temperature  of  2600 
deg.  Fah.,  the  boiler  absorbs  about  72  per  cent  of  the  heat  generated 
when  developing  70  per  cent  of  rating  and  only  67  per  cent  of  the 
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heat  generated  when  developing  130  per  cent  of  rating.  For  initial 
temperatures  above  3300  deg.  Fah.  the  boiler  is  actually  more  ef- 
ficient when  developing  the  highest  horse  power. 

With  an  initial  temperature  of  3300  deg.  Fah.,  there  is  ten  per 
cent  of  rating  developed  for  each  1150  pounds  of  gas  used  per  hour. 
If  we  neglect  the  heat  absorbed  by  the  setting,  or  assume  that  the 
heat  absorbed  by  the  setting  is  proportional  to  the  amount  of  heat 
absorbed  by  the  boiler,  the  final  or  stack  temperature  will  be  the 
same  for  all  capacities,  when  the  initial  temperature  is  3300  deg. 
Fah.,  for  the  boiler  efficiency  is  the  same  for  all  capacities.  Under 
these  conditions  of  equal  initial  and  equal  final  temperatures,  the 
velocity  of  the  gas  through  the  boiler  is  directly  proportional  to  the 
mass  of  gas  used  per  hour  and  consequently  the  time  that  any  uni< 
mass  of  gas  is  under  the  cooling  influence  of  the  boiler  is  inversel] 
proportional  to  the  velocity,  or  to  the  mass  of  gas  used.  These  con 
ditions  are  shown  graphically  on  Chart  4,  for  different  values  of  tin. 
number  of  pounds  of  gas  used  per  hour. 
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Chart  4 

The  curve  ABCD  represents  the  law  of  cooling  of  a  unit  mass 
of  gas  when  8050  pounds  are  used  per  hour ;  the  gas  enters  the  boiler 
at  a  temperature  of  3300  deg.  Fah.,  is  under  the  cooling  influence  of 
the  boiler  for  13  units  of  time  and  leaves  at  a  temperature  V.  As 
the  number  of  pounds  of  gas  used  per  hour  is  increased  from  8050 
to  10,350,  12,650  and  14,950  the  velocity  of  the  gas  increases  in  the 
same  ratio,  viz.:     7-9-1 1-13  respectively,  and  consequently  the  time 
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that  any  unit  mass  of  gas  is  in  the  boiler  decreases  in  the  rati-,  of 
i3-lO.l-8.3-7  respectively.    It  is  evident  that  as  the  tune  elemenl 
creases,  the  rate  of  cooling  increases  sufficiently,  to  brine  the 
down  to  the  same  final  temperature  V  in  each  case.     The  exact 
in  which  this  rate  of  cooling  is  increased  is  so  complex  and  intangi- 
ble that  it  is  difficult  to  arrive  at  any  perfectly  satisfactory  explain 
tion.     The  following  one  intended  to  be  free  from  the  mathematical 
considerations,  is  offered  as  an  explanation  for  the  form  of  Chart  7, 
and  while  it  is  simple,  it  is  liable  to  criticism  for  the  reason  that  it 
is  too  abbreviated. 

Let  us  consider  that  on  the  fire  side  of  the  tube  there  is  a  layer  of 
soot  or  gas,  or  whatever  you  may  please,  and  that  this  layer  is  al- 
ways of  just  enough  thickness  to  offer  a  definite,  though  exceed- 
ingly small,  amount  of  resistance  to  the  flow  of  heat,  and  that  what- 
ever may  happen  to  succeeding  layers,  this  one  of  definite  resistance 
is  never  removed. 


t-H-AVERAGE       TEMPERATURE 


at-£FFECTlVE     TEMPERATURE 


STEAM     TEMPERATURE 


A    VERY    THIN    FILM     OFFERING 
CONSTANT     RESISTANCE 

to     the    plow   or   heat 


Chart  5 

In  Chart  5  is  shown  what  the  temperature  of  the  gas  through  a 
section  of  a  fire  tube  might  be.  That  part  of  the  gas  nearest  the 
cooling  surface  is  naturally  of  lower  temperature  than  the  gas  in 
the  center  of  the  tube  so  that  the  temperatures  along  a  diameter  may 
be  represented  by  some  such  a  curve  as  A  B  C.  Now  the  tran 
of  heat  through  the  medium  of  this  film  and  the  tube  to  the  water 
can  only  take  place  when  there  is  a  difference  between  the  tempera- 
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ture  of  the  fire  side  of  this  medium  and  the  temperature  of  the  water, 
and  the  rate  at  which  this  transfer  will  take  place  increases  as  the 
temperature  difference  increases.  The  average  temperature  of  the 
moving  gas  at  any  point  along  the  tube  may  be  represented  by  H 
(Chart  5),  but  the  temperature  which  will  determine  the  rate  of  heat 
transfer  through  the  film  of  definite  resistance  is  the  temperature  C 
which  may  be  termed  the  effective  temperature.  The  difference  be- 
tween the  effective  temperature  C  and  the  temperature  of  the  water 
is,  then,  the  only  motive  force  which  causes  the  transfer  of  heat,  and 
it  seems  wrong  to  reason  that  the  velocity  of  the  gas  is  in  itself  such 
a  force. 

The  effect  of  increasing  the  velocity  of  the  gas  is  to  flatten  the 
curve  A  B  C  to  D  E  F  (Chart  5),  and  while  the  average  tempera- 
ture H  has  not  been  disturbed,  the  effective  temperature  has  been 
increased  from  C  to  F  and  consequently  the  rate  of  transfering  the 
heat  has  been  increased.  The  flattening  of  curve  A  B  C  to  D  E  F 
may  have  been  accomplished  by  friction  having  caused  some  inert 
gas  near  R  to  have  been  removed  and  thus  having  lessened  the  re- 
sistance from  the  point  R  to  the  center  of  the  tube.  Or  it  may  have 
been  brought  about  by  the  increased  axial  velocity  of  the  gas  giving 
particles  near  to  R  a  radial  component  of  motion  and  thus  equal- 
izing the  temperature  by  convection. 

For  the  boiler  that  Chart  3  refers  to  and  with  an  initial  tempera- 
ture of  3300  deg.  Fah.,  the  net  effect  of  the  increased  velocity  on  the 
effective  temperature  is  to  increase  the  average  rate  of  cooling  just 
enough  to  compensate  for  the  shortening  of  the  period  of  time  in 
which  the  gas  has  a  chance  to  cool,  so  that  a  constant  boiler  efficiency 
occurs  for  all  capacities  at  this  initial  temperature. 

When  the  gas  enters  at  the  lower  temperatures,  the  average  vol- 
ume is  less  and  the  resulting  velocity  will  be  slower  and  the  time 
some  longer  than  when  the  initial  temperature  was  3300  deg.  Fah. 
However,  the  difference  in  the  time  factor  will  be  very  slight,  so  for 
convenience  it  will  be  assumed,  that  regardless  of  the  initial  tem- 
perature a  unit  mass  of  gas  is  subject  to  cooling  for  13  units  of  time 
when  8050  pounds  of  gas  are  used  per  hour. 

What  happens  when  the  initial  temperature  is  less  than  3300  deg. 
Fah.  is  shown  in  Chart  4.  According  to  the  law  of  cooling  ABC 
D,  the  gas  when  entering  at  the  temperature  S  below  3300  deg.  Fah., 
will  in  13  units  of  time  be  reduced  to  temperature  J.  Similarly 
the  temperatures  in  cases  of  increased  velocity  will  be  reduced  to 
K,  L  and  M.  It  is  seen  that  under  these  conditions  of  initial  tem- 
peratures below  3300  deg.  Fah.,  what  is  gained  by  increasing  the 
effective  temperature,  by  increasing  the  velocity,  is  not  sufficient  to 
make  up  for  what  is  lost  by  reducing  the  period  of  time  that  the 
gas  is  in  the  cooling  region  and  therefore  the  temperature  is  reduced 
the  lowest,  where  the  time  element  is  greatest,  i.  e.,  where  a  small 
amount  of  gas  is  used  per  hour,  and  consequently  for  temperatures 
below  3300  deg.  Fah.  the  boiler's  efficiency  is  the  highest  when  run 
at  low  capacity. 
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If  the  gas  enters  at  a  temperature  R  above  3300  deg.  Fah.,  and 
the  periods  of  time  of  7,  8.3,  10.1  and  [3  units,  are  laid  off  on  the  four 
curves,  Chart  4,  the  resulting  final  temperature.-,  are  Q,  !\  (  1  and 
Here  there  is  more  gained  by  the  good  effect  of  the  incr<  city 

on  the  effective  temperature  than  is  lost  by  the  shortening  of  the 
time  element  and  as  a  result  the  highest  efficiency  occurs  where  the 
velocities  are  highest,  that  is  at  the  highest  capacities. 

By  increasing  the  velocity  of  the  gas  there  are  then,  two  factors 
arising  which  affect  the  final  temperatures.  One  of  these  factors, 
the  time  consideration,  operates  to  Raise  the  final  temperatures  with 
increased  velocity  by  diminishing  the  period  of  time  that  the  gases 
have  to  cool.  The  other  factor,  that  tendency  to  increase  the  effect- 
iveness of  the  heating  surface,  operates  to  Lozver  the  final  tempera- 
tures and  this  factor  is  more  pronounced  at  high  temperatures  than 
it  low  ones.  Then  the  explanation  of  the  form  of  Chart  3  is,  that 
lor  low  initial  temperatures  and  increasing  velocity  the  effectiveness 
A  the  cooling  surface  does  not  increase  rapidly  enough  to  compen- 
sate for  the  shortened  time  period  and  therefore  the  boiler  is  more 
efficient  when  run  at  low  capacities,  but  as  the  initial  temperature 
becomes  higher  the  tendency  of  the  increasing  velocity  to  increase 
the  effectiveness  of  the  cooling  surface  becomes  more  pronounced, 
which  fact  accounts  for  the  lines  of  uniform  boiler  efficiency  be- 
coming more  nearly  horizontal.     Eventually  an  initial  temperature 
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is  reached  at  which  die  increasing  velocity  increases  the  effective- 
ness of  the  heating  surface  sufficiently  to  compensate  for  the  short- 
ened period  of  time  and  the  boiler's  efficiency  is  the  same  for  all 
capacities.  Above  this  temperature  what  is  gained  by  increasing  the 
effectiveness  of  the  heating  surface,  by  employing  higher  velocities, 
is  more  beneficial  than  the  accompanying  shortening  of  the  time  pe- 
riod is  detrimental  and  therefore  the  highest  efficiencies  occur  with 
the  highest  velocities  and  capacities. 

A   PRACTICAL  USE  OF  CHART  2. 

These  lines  of  uniform  capacity,  Chart  2,  should  be  of  some  service 
in  the  developing  of  an  efficient  boiler.  Suppose,  for  instance,  that 
there  is  a  boiler  well  adapted  for  either  the  horizontal  pass  or  verti- 
cal pass  and  it  was  desired  to  determine  which  method  of  baffling 
would  make  the  boiler  the  more  efficient.  It  would  be  necessary  to 
make,  say  eight  tests,  using  the  horizontal  pass.  Each  of  these  tests 
must  be  run  at  the  same  capacity,  but  each  with  a  different  per  cent 
of  C02  in  the  escaping  gases.  This  will  furnish  enough  data  to 
establish  the  uniform  capacity  line.  Let  us  suppose  A  E  B,  Chart  6, 
to  be  such  a  curve.  The  baffling  may  now  be  changed  and  the  tests 
duplicated  in  order  that  the  uniform  capacity  line  may  be  established 
for  the  vertical  pass.  It  is  very  possible  that  some  such  a  line  as 
C  E  D  will  result.  Remembering  that  the  area  F  E  G  H  represents 
the  heat  generated  for  tests  represented  by  E,  we  know  that  at  a 
temperature  represented  by  F  one  scheme  is  just  as  efficient  as  the 
other.  At  higher  temperatures  than  F  the  horizontal  scheme  be- 
comes the  better  one  and  at  temperatures  below  F  the  vertical  scheme 
is  best.  Results  thus  plotted  give  a  definiteness  which  cannot  be  ob- 
tained by  mere  comparison  of  calculated  efficiencies. 

Discussion. 

Mr.  W.  L.  'Abbott,  Chairman:  There  was  an  old  riddle  that 
went  round  when  I  was  a  boy;  it  ran  something  like  this:  "What 
fish  has  its  eyes  nearest  together?"  The  answer  was,  "The  small- 
est." Here  is  an  engineering  riddle :  "Given  a  furnace  with  a  con- 
stant rate  of  combustion  of  fuel,  and  a  certain  efficiency,  what  is 
the  best  size  of  boiler  to  set  over  that  furnace?"  The  answer  is, 
"The  smallest."  That  at  least  is  as  I  understand  the  main  proposition 
advanced  in  this  paper.  As  we  usually  say  in  such  cases,  "remark- 
able if  true." 

Mr.  A.  Bemcnt,  M.W.S.E.:  To  me  the  most  important  feature 
of  the  paper  is  the  effort  made  to  take  into  account  the  loss  in  es- 
caping hydrocarbons  and  smoke  due  to  incomplete  combustion,  some- 
thing which  is  too  often  neglected  or  excluded  from  consideration. 

It  is  stated  that  with  constant  high  furnace  temperature,  effi- 
ciency secured  with  the  boiler  increases  with  capacity  developed, 
yet  we  know  both  by  experience  and  reasoning  that  this  cannot  be 
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true.  One  cause  for  this  apparent  result  maj  be  found  in  the 
larger  amount  of  water  escaping  from  the  boiler  with  the  steam 
m  the  type  o\  apparatus  used  by  the  United  States  Geological  Sur 

vey  in  the  various  coal  tests,  data  from  which  has  been  employed 
by  the  author  in  his  paper.*  At  high  capacities  a  large  quantity 
of  water  not  shown  by  the  calorimetric  determination  may  escape 
in  this  way.  and  yet  be  considered  as  having  been  evaporated. 

The  variation  between  the  efficiency  of  two  different  boilers  is 
at  a  minimum  with  high  initial  temperature,  and  at  a  maximum 
with  low.  but  the  highest  efficiency  is  always  obtained  with  the  besl 
boiler,  initial  temperature  being  equal  for  each.  Thus  the  curves 
would  not  cross  as  indicated  in  Fig.  6,  but  approach  each  other  at 
high  temperature,  and  diverge  as  the  initial  temperature  decreased. 

In  reference  to  •"furnace  efficiency,"  it  would  appear  that  if  the 
fuel  is  completely  burned,  it  would  be  considered  as  a  condition  of 
iooT  efficiency.  This  is  true  as  far  as  the  mere  burning  of  the 
fuel  is  concerned,  but  a  fire  is  made  under  a  boiler  only  for  the 
purpose  of  heating-  its  contents,  and  if  the  air  supply  is  in  excess, 
it  necessarily  follows  that  the  temperature  is  proportionately  low, 
with  the  result  that  less  heat  passes  to  the  boiler  than  if  the  tem- 
perature were  higher.  Thus  no  definition  of  "furnace"  or  effi- 
ciency of  combustion  can  be  correct   which   neglects  temperature. i 

\\  ere  we  to  test  boilers  in  an  ideal  manner.!  it  would  require  some 
standard  tire  condition,  as  great  complication  and  difficulty  are 
introduced  by  different  characters  of  fuel,  kinds  of  furnaces,  variety 
of  stokers  and  tire  grates,  as  well  as  irregularity  in  manipulation. 
In  this  connection,  Mr.  Ray  has  mentioned  to  me  a  scheme  pro- 
posed to  eliminate  these  variable  influences.  It  consists,  for  exam- 
ple, in  passing  a  constant  quantity  of  air  through  two  boilers  t< 
compared,  both  under  the  same  steam  pressure  supplied  from  a 
third,  and  the  boiler  heating  its  air  to  the  highest  temperature  is 
the  best,  or  in  other  words,  the  most  efficient. 

Walter  T.  Ray,  m.w.s.e.:  Before  beginning  my  discussion  I 
wish  to  say  that  altho  I  am  an  employee  of  the  Technologic  I '.ranch 
of  the  United  States  Geological  Survey,  my  participation  in  this 
meeting:  is  entirely  unofficial,  and  doe-  not  in  any  way  commit  the 
Survey,  notwithstanding  that  the  information  I  am  to  give  has  been 
obtained  by  the  Survey,  and  is  to  be  credited  to  it. 

I  am  thoroly  in  sympathy  with  Mr.  Stowe's  implication  in  his  jn 
troduction  that  our  knowledge  of  heat  impartation  from  hot  gases 
to  boiler-water  is  inexcusably  crude.  I  agree  that  "we  can  by  going 
beyond  the  usual  calculations  arrive  at  data  which  may  at  least 
introduce  us  into  this  held  of  investigation."  1  regret  that  so 
excellent  a  paper,   so   full   of   good   substance,   has   not   been   more 


*Trans.  Am.  Soc.  Mech.  Eng.,  Vol.  XXVI,  p.  312. 

tTrans.  Am.  Soc.  Mech.  Eng.,  Vol.  XXVI,  pp.  418  and  619. 

tjour.  W.  S.  E.,  Vol.  VI.  p.  231. 
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clearly  written,  altho  it  would  be  longer ;  nevertheless  I  am  very 
confident  that  a  careful  study  of  it  will  repay  any  one. 

To  me  there  is  a  fundamental  fault  with  Mr.  Stowe's  line  of 
calculation,  which  is  inherent  in  any  such  attempt  based  on  so- 
called  "boiler  tests" — it  is  impossible  even  approximately  to  sep- 
arate the  heat  absorbed  by  radiation  and  conduction  from  that  ab- 
sorbed by  convection.  His  method  avoids  the  attempt  but  misses 
some  of  the  benefits  which  would  come  from  a  separation.  How, 
then,  can  a  separation  of  these  three  heat  supplies  to  a  boiler  be 
effected,  so  as  to  enable  us  to  improve  future  designs  in  each  of 
these  three  respects  and  to  modify  existing  installations?  For  in- 
stance, how  can  we  fiud  out  whether  cross-baffling  a  boiler  of  the 
parallel-flow  type,  causes  it  to  absorb  more  or  less  heat  from  the 
gases  at  any  and  all  rates  of  working?  So  far  as  I  know  no  ac- 
curate easy  method  has  been  published,  either  mathematical  or  ex- 
perimental. The  one  I  am  about  to  offer  is  still  in  the  trial  stage, 
and  while  it  requires  careful  manipulation  and  very  accurate  ther- 
mometers, I  believe  it  will  prove  far  less  expensive  and  more  re- 
liable than  any  method  heretofore  devised.  Nevertheless  if  any 
one  should  try  it  on  one  of  his  boilers  and  find  it  wrong  or  im- 
practicable, it  is  distinctly  stated  now  that  neither  the  present  speaker 
nor  the  U.  S.  Geological  Survey  is  to  be  blamed.  The  method  is 
offered  half-developed,  because  it  is  thought  to  be  valuable  and  be- 
cause the  speaker  and  his  co-workers  shall  not  have  time  to  develop 
it  for  several  months,  if  at  all. 

Suppose  it  be,  desired  to  determine  which  of  two  boilers  is  the 
better  heat  absorber  in  its  gas  passages,  where  all  absorption  is 
due  solely  to  the  contract  of  the  hot  gases  with  the  boiler  metal ; 
it  being  further  granted  that  the  furnaces,  stokers,  tile-roofs,  etc., 
are  identically  alike  in  design,  material  and  dimensions.  Now 
it  is  evident  that  the  heat  absorbed  by  radiation  and  conduction 
from  the  furnaces  will  be  exactly  the  same  in  the  two  cases,  under 
the  same  fire  conditions  ;  and  any  higher  efficiency  of  either  must 
be  due  solely  to  the  fact  that  it  absorbs  more  heat  from  the  gases 
by  convection,  that  is,  by  contact. 

If  boiler  A,  cools  hot  gases  more  than  boiler  B,  at  any  rate  of 
flow  of  gas  thru  it,  it  should,  under  similar  circumstances,  heat  up 
cold  gas  more  than  boiler  B,  when  cold  gas  is  sent  thru  it  while  it 
is  filled  with  hot  water.  Then  here  is  the  method  of  operation  of  a 
test  very  simple  in  principle — keep  hot  water  circulating  rapidly  in  a 
boiler  by  external  means  (as  by  jets  of  entering  steam),  and  blow 
air  through  it  by  fans,  measuring  the  entrance  and  exit  temperatures 
of  the  air  to  and  from  the  boiler. 

Assume  that  the  boiler  water  is  kept  in  rapid  circulation  at  a  tem- 
perature of  300  deg.  F. ;  assume  further  that  the  temperature  of  the 
atmosphere  is  100  deg.  F.  On  first  starting  the  fan  slowly,  air  will 
leave  the  boiler  at  a  temperature  of  nearly  300  deg.  F. ;  if  its  rate 
of  movement  thru  the  boiler  were  extremelv  slow,  and  no  heat  what- 
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ever  were  lost  thru  the  setting,  and  there  are  no  air  leaks,  the  air 
might  even  leave  the  boiler  at  299  deg.  F.  As  the  fan  is  speeded  up 
slowly,  the  flue  temperature  will  drop,  rapidly  at  first,  then  more  and 
more  slowly,  until  finally  it  will   fall  very  little  with  -  in 

creases  of  fan  speed.  In  some  instances  this  approximately  horizon* 
tal  portion  of  the  curve  will  never  Ik-  reached,  because  will 

not  he  able  to  force  enough  air  thru  their  boil< 

Suppose  that  in  the  cases  under  discussion,  using  boilers  A  and  B, 
the  final,  steady,  exit  temperature  of  the  air  becomes  about  250  deg. 
F.  with  boiler  A.  ami  200  deg.  1".  with  boiler  1'..  .Vow,  it  both  boil- 
ers were  perfect  they  would  heat  the  air  from  mo  deg.  to  ^i  deg. — 
an  elevation  of  200  deg.:  boiler  A  heats  the  air  to  250  deg. — an  ele- 
vation of  150  deg.  ■>ut  of  a  possible  200  deg..  and  it-  true  Ixnler 
efficiency  is  therefore  150X100-^200=75',  ;  boiler  li  heat-  the  air 
only  to  200  deg.  I\,  an  elevation  of  i<>o  deg.  out  of  ;i  possible  200 
deg.,  and  its  true  boiler  efficiency  is  therefore  100X100-^  200=50%. 
This  true  boiler  efficiency  is  the  same  true  boiler  efficienc)  as  has 
been  used  by  the  U.  S.  Geological  Survey  for  two  year-,  and  d« 
nated  by  it  as  E4 ;  it  is  nearly  the  same  true  boiler  efficiencj  as  Mr. 
Stowe  designates  I A  The  credit  for  the  original  conception  is  due 
to  Prof.  John  Perry. 

The  method  above  proposed  is  very  flexible:  tor  instance,  on  a 
very  hot  day  the  boiler  can  be  tilled  with  ice  water,  and  the  tempera- 
ture kept  down  by  the  continued  addition  of  crushed  ice  thru  an 
opening  in  the  top  of  the  boiler.  The  problem  would  then  be  to  de- 
termine the  lowering  of  air  temperature  effected  by  the  boiler; 
whether  this  would  be  practicable  I  do  not  know;  but  I  do  know 
that  other  and  all  methods  are  worth  trying  because  if  successful 
they  will  put  real  boiler  testing  without  coal  or  tire  on  such  a  simple 
basis  as  has  never  even  been  hoped  for. 

As  an  example  in  the  ice-water  method,  suppose  that  the  fans  are 
running  at  sufficient  speed  to  make  the  exit-air  temperature  sub- 
stantially stationary  when  the  speed  of  the  fans  is  varied  consider- 
ably. Assume  that  the  temperature  of  the  boiler  water  is  35  deg. 
F.,  that  of  the  entering  air  85  deg.  F. ;  then  the  greatest  possi 
reduction  of  air  temperature  which  could  occur  1  with  a  perfect 
boiler)  would  be  85  deg.  minus  35  deg.,  which  is  50  deg.  Boiler  A, 
having  a  true  boiler  efficiency  of  J?' ,  ,  would  reduce  th«  h  ol 

50  deg.,  or  ?,-.?  deg.  below  85  deg.,  that  is.  to  47.5  deg.  F.  But 
boiler  B.  having  a  true  boiler  efficiency  of  only  5"',  .  would  reduce 
the  air  temperature  50' ,   of  50  deg.,  that  is  25  deg.,  or  to  60  deg.  F. 

It  will  be  immediately  apparent  that  the  temperature   1 
these  methods  are  narrow-.     This  narrowness  is  of  advantage  in  re- 
ducing radiation  losses  from  the  setting,  etc.:  it  is  -1'  greater  disad- 
vantage,  in   resulting  in   the   introduction   of   relatively   large   errors 
into  tlie  answers  arising  from  -mall  errors  in  temperature  measure 
merits.      All    thermometers    must    be    very     rarefulh      calibrated 
fractions  of  a  degree,  in  the  same  oil  bath,  thoroly  stirred.     Many 
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thermometers  must  be  used  to  take  the  water  temperatures  at  many 
points  adjacent  to  the  heating  surface,  and  a  number  of  other  ther- 
mometers be  used  to  get  entrance  and  exit  temperatures  of  the  air. 
All  this  sounds  complicated,  and  the  procedure  does  in  fact  require 
much  judgment,  but  it  will  be  found  easier  than  expected,  as  the 
author  can  testify  from  personal  experience. 

This  method  also  lends  itself  to  an  investigation  of  the  best 
methods  of  baffling  a  boiler,  even  before  it  leaves  the  maker's  shop. 
A  boiler  can  be  enclosed  in  a  fairly  air-tight  wooden  casing  (instead 
of  in  a  brick  setting),  and  the  baffles  among  the  tubes  can  be  made 
of  thin  wood  or  even  of  heavy  flexible  pasteboard,  which  can  be 
replaced  in  a  short  time  by  other  baffles  placed  otherwise.  When 
using  so-called  "forced  draft,"  extreme  care  need  not  be  taken  to 
have  the  wooden  casing  air-tight  because  leaks  will  be  outward ; 
but  the  baffles  should  always  fit  at  least  as  tight  as  will  the  perma- 
nent fire-proof  ones. 

It  must  be  distinctly  remembered  that  this  method  is  a  test  only 
for  heat  absorbed  by  convection  from  the  gases  moving  thru  the 
boiler,  and  supplies  absolutely  no  information  as  to  the  other 
amounts  of  heat  absorbed  by  radiation  and  by  conduction,  which  in 
most  types  of  boiler  constitute  a  very  large  fraction  of  the  total  heat 
absorbed.  But  if  we  can  rely  on  the  indications  of  the  experiments 
already  performed,  the  application  of  this  method  will  supply  for 
the  first  time  accurate  comparative  data  as  to  which  of  two  boilers 
will  have  the  lowest  flue  temperature ;  or  as  to  how  changes  in  the 
arrangement  of  baffles  will  effect  flue  temperatures. 

The  weak  point  of  this  method  is  that  there  is  no  easily  applicable 
way  of  mea>uring  the  amount  of  air  put  thru  the  boiler.  The  best 
indirect  way  of  which  I  know  is  to  measure  the  heat  (or  cold)  added 
to  the  boiler  water,  in  the  first  method  by  metering  the  steam  added 
by  a  Sargeant  or  other  accurate  steam  meter,  and  in  the  second 
method  by  weighing  the  cruched  ice  added.  Other  temperature  and 
draft  measurements  not  here  enumerated  must  be  carefully  taken. 

Whatever  modification  of  the  method  be  used,  one  must  be  sure 
that  the  water  circulate  sufficiently  to  keep  its  temperature  the  same 
in  all  parts  of  the  boiler. 

Xo  fear  need  be  had  that  the  tube  metal  will  be  much  hotter  or 
cooler  than  the  water,  as  some  measurements  made  by  the  Geologi- 
cal Survey  in  a  boiler  under  heavy  firing  indicated  that  the  tubes 
when  free  from  scale  were  never  more  than  15  deg.  F.  hotter  than 
the  water  scrubbing  them.  This  statement  does  not  apply  to  blister- 
ing conditions,  which  are  abnormal. 

In  conclusion.  I  wish  again  to  say  that  the  above-described 
experimental  method  of  determining  a  boiler's  true  efficiency  is  not 
offered  as  a  criticism  of  Mr.  Stowe's  paper,  or  as  a  substitute  for  his 
method,  but  as  a  supplement. 

R.  H.  Kuss,  m.w.s.e.  :  In  the  paper  presented  by  Mr.  Stowe  we 
find  the  first  careful  examination  and  rational  application  of  a  great 
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deal  of  data  that  were  collected  in  the  Boiler  Division  of  the  I 
Geological  Survey   Fuel  Testing   Plant.     This,  in  itself,  is  no  small 
achievement,  and  it   the  writer  oi  the  paper  had  nol   assumed  that 
his  readers  are  capable  oi  understanding  the  subjeel  without  detailed 
explanatory  matter,  there  is  no  doubt  hut  that  his  contribution  would 
be  looked  upon  as  a  considerable  advance  over  the  literature  hen 
fore  bearing  on  the  subject.    Even  as  it  is.  the  more  careful  stud< 
will  make  a  great  deal  out  of  it  in  time. 

Without  attempting  to  supply  the  explanatory  matter,  a  duty 
which  is  best  fulfilled  by  the  author  himself,  it  may  be  well  to  point 
out  the  meaning  and  scope  of  an  investigation  of  this  character. 

Heretofore,  engineers  have  been  content  to  conduct  boiler  trials 
according  to  a  more  or  less  definite  routine,  whether  the  objeel  of 
the  tests  happened  to  be  more  closely  connected  with  a  determination 
of  the  influences  of  the  heat  absorber,  or  to  study  the  heal  gen<  i 
ing  phenomena.  Attempts  to  separate  the  two  performances  have 
been  exceedingly  rare  and  the  usual  justification  for  the  unification  of 
the  two  processes  has  been  to  assert  that  inasmuch  as  the  over-all 

or  combined  result  is  the  thing  actually  employed,  no  g 1  purp 

would  be  served  by  a  separation  of  the  boiler  or  heat  absorber,  and 
the  furnace  or  heat  generator. 

The  result  has  been  that  when  the  intention  was  to  investigate  the 
boiler  particularly,  all  differences  appearing  in  the  general  results 
of  several  trials  have  been  charged  to  the  boiler,  the  furnace  per- 
formance being  looked  upon  as  a  more  or  less  fixed  proposition. 
Exactly  the  reverse  reasoning  obtained  if  the  furnace'  was  subjected 
to  particular  investigation.  It  is  to  be  said,  however,  that  during 
late  years,  more  attention  has  been  given  to  furnace  performance, 
and  with  it  a  growing  tendency  that  the  only  changeable  factor  is 
the  furnace. 

So  while  the  author  does  not  lay  down  a  new  set  of  data  to  be 
obtained  in  a  boiler  trial,  by  showing  a  more  comprehensive  scheme 
of  computation,  he  is  enabled  to  attack  either  a  boiler  discussion  or 
a  furnace  discussion  with  equal  facility. 

The  author  not  being  satisfied  to  accept  the  usual  conclusions,  at- 
tempts to  separate  the  heat  generation  from  the  heat  absorber,  and 
manages  to  find  relations  as  between  heat  delivery  and  heat  abs. >rb- 
tion  which  are  graphically  set  down  in  Chart  3.  While,  then,  his 
paper  deals  essentially  with  the  heat  absorber,  it  is  to  be  remembered 
that  his  methods,  if  found  sound,  have  no  less  a  bearing  upon  heat 
generation  problems.  This  is  reflected  in  the  paper  by  the  fact  that 
the  author  was  forced  to  define  the  meaning  of  furnace  efficiency. 

It  will  be  noted  that  he  confines  his  definition  to  quantities  only, 
leaving  the  intensity  factors  out  altogether,  though  be  is  bound  to 
and  does  acknowledge  that  for  the  same  quantities  of   heat   gen 
erated,  the  ones  involving  the  greatest  intensities  are  the  most  use 
ful.     An  analogous  case  can  easily  be  called  to  mind,  remembering 
that  though  boilers  delivering  high  pressures  ma)   be  the  most  effi 
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cacious  in  the  sense  that  the  resulting  engine  efficiencies  are  some- 
what higher,  or,  in  other  words,  the  steam  of  higher  pressures  being 
more  useful  or  economical,  strictly  speaking,  it  is  not  feasible  to 
take  into  account  the  intensity  factor  in  the  expression  of  boiler 
efficiency.  Xo  confusion  arises  from  this  arrangement,  since  the  in- 
tensity factors  are  taken  up  successively  anyway,  but  only  in  so  far 
as  they  affect  quantity  factors. 

Another  important  idea  advanced  is  that  all  calculations  are 
based  upon  that  portion  of  the  fuel  which  is  gassified  or  vaporized. 
Necessarily,  this  means  the  starting  place  should  include  the  mois- 
ture of  the  fuel.  For  all  practical  purposes,  computations  based 
upon  moisture  free  fuel  do  not  contribute  information  not  found  by 
the  wet  coal  basis. 

The  author's  speculation  on  the  reason  for  the  maintenance  of 
boiler  efficiency  at  approximately  uniform  figures  irrespective  of  the 
rate  at  which  the  heat  is  supplied  to  the  boiler,  is  decidedly  interest- 
ing but  not  convincing.  In  brief,  his  theory  on  the  subject  is  essen- 
tially that  the  assumption  is  made  that  any  heat  transference  is  solely 
a  function  of  the  difference  of  temperatures  between  the  two  media 
and  the  time  the  two  media  are  intimately  adjacent;  all  such  factors 
as  contribute  to  the  effective  difference  of  temperatures  and  the 
time,  are  not  to  be  considered  as  prime  causes  for  maintaining  or 
changing  rate  of  heat  transference,  but  as  causes  for  changing  dif- 
ferences in  effective  temperatures  and  differences  in  time.  As  an 
example,  a  difference  in  velocity  of  the  gas  should  not  be  held  to  be 
a  cause  for  difference  in  rate  of  heat  transference  only  in  so  far  as 
by  a  scrubbing  effort  it  affects  the  gas  temperature  where  it  can  be 
effective,  i.  e.,  close  to  the  heat  absorber.  Now,  the  greater  the 
velocity,  the  less  time  any  unit  quantity  of  heat  carrying  medium 
has  to  act,  and  the  inference  is  that  if  the  final  result  is  that  a  short 
period  in  contact  does  not  materially  decrease  the  percentage  of  heat 
transferred,  the  decrease  of  contact  time  is  very  nearly  offset,  ex- 
actly offset,  or  more  than  offset  by  the  scrubbing  action  of  the  more 
rapidly  moving  gas,  depending  upon  whether  the  boiler  efficiency 
is  a  little  less,  equal  or  greater  than  for  the  case  of  longer  contact 
time. 

To  list  several  of  the  contributory  factors  affecting  the  amount  of 
heat  transference,  assuming  two  media  of  different  temperatures  in 
contact,  we  have,  including  those  mentioned  by  the  author: 

1.  Difference  in  temperature. 

2.  Time. 

3.  Character  of  contact. 

4.  Area  of  contact. 

5.  Character  of  the  media. 

The  author,  dealing  with  one  difference  between  the  steam 
temperature  and  gas  temperature,  and  considering  different  quanti- 
ties of  gas,  assigns  correspondingly  different  volumes  to  the  gas. 
The  inference  is,  then,  that  if  the  gas  is  to  be  delivered  it  must  travel 
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more  rapidly   for  the  higher  quantity;  the  velocity,  then 

spondingly  higher,  and  consequently  the  time  in  contact  is  I 

a  matter  of  fact ,  it  does  not  follow  that  the  velocity  inci 

volumes  delivered,  it  being  well  known  that  th 

of  gas  delivered  the  greater  the  space  employed  in  traveling  through 

the  boiler  setting.      nlis  means  a>  wd]  lhat   ^  ^  q£  \.iiU[.in\ 

correspondingly  greater  and  the   time  in  contact   is   not   invers 
proportionaMo  the   volume  of  gas   delivered.     Should   the   main- 
tenance of  efficiency  occasion  as  much  surprise  as  the  paper  indical 

To  be  absolutely  fair  to  the  author,  there  is  a  much  better  a 
ment  with  the  proposition  he  lays  down,  than  is  indicated  on  Chart 
3,  for  there  it  appears  that  for  the  higher  heat  deliveries  there 
drop  in  efficiency,  nol  as  mud)  as  is  to  be  expected  by  assigning  less 
time  in  contact,  but  a  fall  nevertheless.    This  fall  may  be  accounted 
for  in  part  by  considering  that  as  the  heat  transference  increases, 
the  character  of  the  heat  absorbing  medium  changes  because  of 
trained  steam  bubbles   with  less  heal   absorbing  ability  than   solid 
water,  an  ill  effect  that  is  partially  overcome  by  easy  water  rep!, 
ment  or  "good  circulation."     It  is  to  he  expected  that  in  this  . 
nection  the  author  can  point  out  the  analogy  between  the  happenings 
on  the  gas  side  and  the  water  side,  of  the  boiler  tube  surface,  but 
there  is  a  difference.     The  character  of  the  medium  changes  on  the 
water  side  without  a  change  in  temperature,  while  on  the  gas  side 
no  such  change  takes  place  unless  by  a  change  of  densit}  of  the  gas. 

It  is  gratifying  to  note  that  the  author  did  not  fall  into  the  error 
of  attributing  to  a  formula  pronounced  b)  Prof.  Perrv  of  greater 
importance  than  the  author  himself  gave  it,  an  error  that  is  charge- 
able to  others  in  the  same  field  who  can  find  a  confirmation  of  the 
speculation  in  every  set  of  investigations,  whether  contrary  to  the 
meaning  of  the  equation  or  not. 

Finally  the  paper  is  useful  in  bringing  out  certain  defects  in  pres- 
ent methods  of  computation  relating  to  overall  efficiencies  of  boiler 
and  furnace;  gives  a  method  of  separating  boiler  performance  from 
furnace  performance;  allows  us  to  determine  independent  of  the 
furnace,  the  best  boiler  arrangement ;  affords  a  means  for  determin- 
ing the  most  economical  or  satisfactory  capacity  at  which  to  operate 
the  boiler  of  which  characteristics  has  been  prepared  ;  gives  some- 
idea  as  to  the  relative  proportions  of  furnaces  to  operate  satisfactor- 
ily with  a  boiler  which  has  its  characteristics  prepared ;  throws  light 
upon  how  to  determine  the  suitableness  of  different  types  of  boilers 
or  different  units  and  shapes  of  the  same  type. 

Mr.  C.  W.  Naylor,  m.w.s.k.  :  As  T  have  not  had  an  opportunity 
to  read  Mr.  Stowe's  paper,  I  am  not  in  position  to  discuss  it  intelli- 
gently. I  infer  from  the  discussion  and  from  the  remark";  of  the 
speaker,  and  also  the  illustrations  shown,  that  the  author  of  the 
paper  has  simply  exemplified  the  truth  that  there  are  a  great  many 
points  of  view  from  which  we  can  look  at  boiler  work  and  furn. 
work. 
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Mr.  Arthur  Frith:  I  am  much  interested  in  the  tests  which  have 
been  made  by  the  United  States  Geological  Survey,  and  they  are  of 
great  value  to  the  engineering  profession.  I  would  like  to  call  at- 
tention to  the  fact,  however,  that  the  curves  and  diagrams  shown 
are  characteristic  of  only  one  particular  boiler.  Unfortunately  a 
great  many  of  the  boiler  tests  made  are  on  a  particular  boiler  for  a 
particular  purpose,  and  the  over-all  efficiencies  have  been  determined 
to  obtain  desired  commercial  results.  Such  tests  represent  a  great 
deal  of  labor,  but  the  very  information  which  would  be  useful  to 
those  who  are  investigating  this  subject  in  a  general  way,  are  left 
out.  For  this  reason,  in  many  cases  the  information  collected  has 
not  the  value  that  it  would  have  if  the  boiler  upon  which  the  test 
is  made  were  described,  and  a  cut  included,  showing  the  number  of 
tubes,  spacing,  height  of  tubes,  etc. 

In  this  connection  I  want  to  refer  to  the  tests  made  in  Chicago 
several  years  ago,  mentioned  by  Mr.  Bement.  In  those  tests  com- 
plete data  were  given,  with  the  result  that  certain  matters  could  be 
determined  later  on,  because  the  exact  apparatus  upon  which  the 
tests  were  made  was  described.  Simply  as  a  suggestion,  I  think- 
that  it  would  be  a  good  thing  if  such  information  could  be  incor- 
porated, not  only  in  such  papers  as  these,  but  in  connection  with 
ordinary  commercial  tests.  This  criticism  applies  to  the  code  for 
Boiler  Tests  recommended  by  the  American  Society  of  Mechanical 
Engineers  and  that  from  such  a  test,  as  has  been  published,  no  con- 
ception can  be  had  of  the  character  of  the  boiler  used.  I  should  say 
that  more  than  90  per  cent,  of  the  boiler  tests  made  are  practically 
valueless  for  a  certain  class  of  investigation. 

With  regard  to  these  particular  diagrams,  etc.,  I  think  that  a  good 
deal  of  the  information  that  is  somewhat  obscure  would  be  clearer, 
if  we  understood  that  the  available  heat  is  the  difference  between 
the  temperature  of  the  steam  and  the  temperature  of  the  gases.  The 
available  temperatures  are  given  as  the  temperature  of  the  furnace, 
but  the  available  temperature  is  the  difference  between  the  tempera- 
ture of  the  furnace  and  the  temperature  of  the  steam. 

Mr.  Ray:  I  wish  simply  to  say,  with  reference  to  the  criticism 
made  by  Mr.  Frith,  that  the  method  outlined  in  the  discussion  sub- 
mitted by  me  will  be  independent  of  the  boiler  water  temperature 
in  so  far  as  we  know  now  ;  it  has  proved  so  in  a  number  of  tests. 
In  other  words,  the  constant,  true  boiler  efficiency  nearly  works  out 
at  the  same  temperature  as  the  atmosphere.  In  fact,  it  is  dependent 
solely  on  the  mechanical  shape  and  size  of  the  boiler  that  comes  from 
the  shop. 

Mr.  Abbott:  Your  Chairman  wishes  to  state  that  he  recognizes 
that  the  U.  S.  Geological  Survey  is  doing  a  work  which  will  improve 
our  boiler  service  and  boiler  construction,  and  will  bring  to  the  users 
of  steam  and  to  the  designers  of  steam  generating  apparatus,  a 
clearer  knowledge  and  insight  into  some  of  the  underlying  princi- 
ples  which   are  now   so  confused,  and  so  much   disputed.      In   the 
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paper  which  has  been  presented  this  evening  the  (  hairman  rec 
nizes   a   valuable  contribution   to   the   series   of   papers    wl 
emanated  from  those  who  are  or  have-  been  connected  with  ti 
Geological  Survey. 

CLOSURE. 

Mr.  Stowe:     In  Mr.  Abbott's  riddle,  the  rate  of  combustion 
be  a  fixed  one.  which  means  that  with  a  given  stack  the  effective! 
of  the  draft  facilities  must  not  be  altered  by  the  selection  of  I 
boiler.     The  riddle  can  be  made  more  comprehensive  if  pul  in  this 
form:     Having  given   several  boilers,  each  of  which  under  similar 
conditions  offers  the  same  amount  of  resistance  to  the  flov 
over  their   surfaces,   which   of   these  boilers   is   the  most   efficienl 
an  absorber  of  heat?     The  answer  i-  not  to  be  found  in  the  paper 
here  presented,  nor  can  it  be  expressed  in  a  simple  statement.     I  be- 
lieve the  correct  solution  can  be  obtained  only  by  the  judicious  ttSe 
of  a  chart  similar  to  No.  0,  where  the  design  of  the  boilers  can  be 
used  to  account  for  their  peculiar  characteristics  as  heat  absorbers. 

Mr.  Bement  says  that  we  know  both  by  experience  and  reasoning 
that  with  high  furnace  temperatures,  efficiencies  secured  by  the 
boiler  can  not  increase  with  the  capacity  developed.  If  I  had  ar- 
rived at  the  conclusion  which  his  statement  contradicts,  through 
reasoning.  1  would  not  have  set  it  forth  in  this  paper  for  tear  my 
reasoning  would  have  been  fallacious.  It  was  only  upon  the  experi- 
ence gained  by  the  studying  of  the  355  tests  that  the  assertion,  that 
at  very  high  initial  temperatures  the  boiler's  efficiency  increases  with 
capacity,  was  made.  We  need  not  expect  the  efficiency  to  continue 
to  increase  with  capacity  beyond  the  limits  that  have  been  investi 
gated.  Xo  doubt  with  higher  capacities,  -ay  i'kV,  of  rating,  the 
efficiency  even  at  these  high  temperatures  will  fall  rapidly.  That 
the  efficiency  may  increase  with  the  rate  of  working,  within  certain 
limits,  is  not  such  a  sensational  statement  as  it  might  at  hr>t  appear 
to  be.  Within  certain  limits  the  efficiency  of  electric  motors  and 
steam  engines  increases  with  the  power  developed  and  I  see  no 
reason  why  we  may  not  expect  the  same  conditions  in  steam  boilers. 
There  mav  be  ways  of  accounting  for  the  fact  that  efficiencies  in- 
crease with  the  capacity  at  high  initial  temperatures  other  than  by 
attributing  it  to  the  greater  effectiveness  of  the  increasing  L,r:is  veloc- 
ities at  the  higher  temperatures,  but  this  explanation  will  be  offered 
as  one  having  some  merit  until  it  has  been  proven  otherwise  or  a 
more  logical  one  substituted  in  its  stead. 

Mr.  Bement  suggests  that  at  the  higher  capacities,  water  not  de- 
tected  by  the  calorimeter  may  have  been  carried  away  in  the  steam, 
thus  making  the  boiler  efficiency  appear  higher  than  actually  existed. 
An  inspection  of  Chart  3  will  show  that  if  this  was  the  case  and  a 
correction  were  to  be  made  for  it.  the  right  hand  end  of  the  line-  oi 
uniform  boiler  efficiency  would  be  slightly  raised,  which  would  only 
cause  that  temperature  at  which  the  boiler  efficiency  remains  a  con- 
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stant  for  all  capacities  investigated  to  be  increased  from  3300  deg. 
F.  to  some  higher  temperature,  and  he  would  still  have  to  account 
for  the  efficiencies  increasing  with  the  capacity. 

In  criticizing  Chart  6,  Mr.  Bement  states,  as  though  it  were  a 
self  evident  fact,  that  "the  variation  between  the  efficiency  of  two 
different  boilers  is  at  a  minimum  with  high  initial  temperatures,  and 
at  a  maximum  with  low.  but  the  highest  efficiency  is  always  obtained 
with  the  best  boiler,  initial  temperatures  being  equal  for  each."  To 
me,  however,  it  seems  very  possible  that  two  boilers  of  different  de- 
sign may,  when  run  at  the  same  capacity  and  with  the  same  initial 
furnace  temperature,  have  the  same  efficiency  (Point  E,  Chart  6). 
Yet,  I  do  not  believe  that  it  would  be  safe  to  reason  that  the  co- 
incidence would  exist  at  higher  or  lower  temperatures  which  means 
that  the  characteristic  lines  A-B  and  C-D  would  diverge  as  they 
leave  Point  E. 

Relative  to  furnace  efficiency,  Mr.  Bement  states  that  a  fire  is 
made  under  a  boiler  for  the  purpose  of  heating  its  contents  and  that 
less  heat  passes  to  the  boiler  when  the  air  supply  is  in  excess  than 
when  the  air  supply  is  proportionately  low,  and  because  of  the  fact 
that  the  air  supply  is  not  taken  account  of,  he  objects  to  applying 
the  term  furnace  efficiency  to  the  amount  of  heat  developed  ex- 
pressed in  a  per  cent  of  the  calorific  value  of  the  fuel.  He  does  not 
give  his  definition  of  furnace  efficiency,  but  it  is  apparent  from  his 
referring  to  the  amount  of  heat  that  would  pass  to  the  boilers,  that 
in  his  opinion,  furnace  efficiency  should  involve  the  idea  of  the 
effectiveness  of  the  furnace  and  thus  take  into  account  the  use  to 
which  the  furnace  is  put.  He  could  have  criticized  my  definition  of 
boiler  efficiency  Eb  with  exactly  the  same  logic  by  saying  that  the 
purpose  of  a  boiler  is  to  furnish  steam  to  an  engine  and  as  pressure 
is  a  factor  in  the  economical  use  of  steam,  no  definition  of  boiler 
efficiency  can  be  correct  which  neglects  pressure.  One  of  the  pur- 
poses of  the  paper  is  to  be  able  to  separate  the  furnace  from  the 
boiler  and  therefore  I  have  given  to  the  term  furnace  efficiency  a 
meaning  which  can  be  applied  independent  of  the  requirements  oc- 
casioned by  the  particular  purpose  of  the  furnace.  When  a  furnace 
is  used  for  such  purposes  as  drying  coal,  burning  building  brick  or 
baking  enamel,  minimum  air  supply  resulting  in  destructive  tem- 
peratures would  not  be  desirable,  and  we  could  not,  in  these  cases, 
think  of  a  minimum  air  supply  contributing  to  high  furnace  efficien- 
cies. Therefore,  as  Mr.  Bement's  conception  of  furnace  efficiency 
must  take  into  account  the  use  to  which  the  furnace  is  put,  it  is  not 
independent  of  the  boiler's  requirements. 

Apparently  his  idea  of  a  perfect  furnace  is  one  which  develops  all 
of  the  heat  value  of  the  coal  and  does  so  with  only  that  amount  of 
air  which  is  necessary  for  complete  oxidation.  With  this  as  an  idea 
of  100%  furnace  efficiency,  it  is  interesting  to  speculate  on  the  prob- 
able significance  of  any  other  numerical  value,  such  as  a  50%  effi- 
ciency.    Would  it  be  a  furnace  that  developed  all  of  the  heat  but 


Discussion— Heat-Absorbing  Property 

used  twice  as  much  air  as  when  the  efficient   was   [oo,  or  would  it 
be  a  furnace  that  developed  only  half  th<  he   fuel, 

using  the  same  amount  of  air  as  when  the  effici< 
would  it  be  a  furnace  which  caused  the  boiler 
as  much  heat  per  pound  of  coal  as  when  the  efficiency  w; 
These  questions  are  given  to  exemplify  the  truth  of  thi 
ment  under  the  heading  of  furnace  efficiency  in  the  paper  pro] 
viz.:     That  the  idea  of  an  efficient  furnace,  in  the  - 
effective,  includes  both  quantity  and  intensity  of  heat  and  can  no- 
expressed  by  a  ratio. 

I  believe  it  would  he-  out  of  place  to  discuss  here  the  methi 
studying  a  boiler's  performance  that  has  been  presented  by  Mr.  Ray, 
which  method  if  it  is  ever  fully  developed  should  form  the  subj< 
matter  of  a  separate  paper.  Further,  his  use  of  the  term-  radiation, 
conduction  and  convection  convinces  me  that  his  conception  of  the 
meaning  of  these  terms  is  different  from  mine,  a  fact  which  makes 
discussion  impossible  unless  a  reference  to  the  meaning  of  tl 
terms  is  made  and  something  said  about  the  way  the  phenomena  of 
radiation,  conduction  and  convection  are  manifest  in  a  boiler  per- 
formance. This  does  not  appear  in  the  paper  I  have  offered  because 
it  is  unnecessary  in  the  method  of  study  which  I  have  presented,  to 
consider  by  what  means  a  boiler  receive-  it-  heat.  Inasmuch  as  this 
is  not  necessary,  neglect  to  separate  the  amount  of  heat  absorbed  by 
the  boiler,  through  the  influence  of  radiation,  from  that  absorbed 
through  the  agency  of  convection — a  separation  which  Mr.  Kay  ac- 
knowledges himself,  is  impossible  to  even  approximate — should  not 
be  considered  a  fundamental  fault.  I  should  say  one  fundamental 
fault  lies  in  his  method  of  study  if  he  effect-  such  a  separation  and 
neglects  the  influence  of  radiation.  1  may  suggest  another  fault  in 
his  proposed  method  in  addition  to  those  he  himself  ha-  given,  and 
that  is  that  the  initial  temperatures  and  boiler  capacities  dealt  with 
would  be  so  ridiculously  low  that  the  results  would  give  no  indica- 
tion as  to  what  would  happen  when  the  boiler  was  put  in  actual 
service.  Mr.  Ray  says  he  knows  of  no  accurate  or  easy  method  of 
determining  "whether  cross  baffling  a  boiler  of  a  parallel  flow  type 
causes  it  to  absorb  more  or  less  heat  from  the  gases  at  any  or  all 
rates  of  working."  Apparently,  he  has  not  carefully  read  the  paper 
presented,  for  the  use  of  Chart  6  has  been  offered  as  an  accurate 
method  and  while  it  is  not  an  easy  one.  it  is  at  least  practical. 

I  wish  to  correct  the  statement  made  by  Mr.  Ray.  as  regards  true 
boiler  efficiency.    The  true  boiler  efficiency  used  by  the  U 
and  designated  as  E4  is  the  same  true  boiler  efficiency  designated  in 
this  paper  as  I 

Mr.  Kuss  mentions  the  fact  that  when  the  velocity  of  the  gas  over 
the  heating  surface  is  increased,  more   of  the  heating   surfac 
brought  into  actual  service  because  the  path  of  the  moving 


*A  study  of  400  steaming  Bulletin  No.  325,  p    143 

and  figure  66  p.  144. 
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widened.  This  of  course  contributes  to  the  maintaining  of  the  effi- 
ciency when  the  capacity  is  increased.  If,  however,  the  efficiency 
were  a  function  of  the  ratio  of  effective  heating  surface  to  gas  used 
per  unit  of  time,  the  heating  surface  passed  over  would  have  to  be 
doubled  in  order  for  the  efficiency  to  remain  constant  for  both  70 
and  140  per  cent  of  rating.  Obviously  this  is  not  the  case,  and  an 
additional  cause  for  the  condition  must  be  assigned.  This  additional 
cause,  which  is  I  believe  the  main  one,  is  that  the  increased  volicity 
tends  to  equalize  by  convection,  the  temperatures  in  planes  of  gas  at 
right  angle  to  the  direction  of  flow,  thus  increasing  the  otherwise 
low  temperature  intimately  adjacent  to  the  surface  of  the  tube, 
which  increase  allows  the  metal  to  absorb  heat  by  convection  at  a 
higher  rate. 

A  description  of  the  boilers,  furnaces  and  stacks  used  by  the  U.  S. 
G.  S.  and  the  methods  of  conducting  the  tests  is  given  in  the  first 
few  pages  of  Part  2  of  U.  S.  G.  S.  Professional  Paper  No.  48.  The 
description  was  not  given  here,  for  it  was  the  method  of  study  I 
wished  to  call  attention  to,  rather  than  the  performance  of  a  partic- 
ular boiler. 


THE  DEVELOPMENT  OF  AN  ALTERNATING  CURRENT  DISTRIBUTING  SYSTEM 

H.  B.  Gear,  m.w 

Presented  Oct.   16,   Tpo8. 

The  increasing  use  of  electricity  for  lighting  and  power  purposes 
in  the  outlying  portions  of  the  large  cities  and  the  extension   of 

metropolitan  systems  to  include  suburban  town-  within  a  rang< 
25  to  30  miles  imposes  upon  the  distribution  engineers  of  the  Lai 
systems  problems  which  include  all  phases  and  varieties  of  distribu- 
tion work. 

This  paper  will  include  a  discussion  of  some  of  tin-  problems 
which  are  common  to  the  development  of  every  alternating  distribut- 
ing system  as  well  as  others  which  are  encountered  onh  in  special 
cases. 

The  service  supplied  to  an  outlying  or  suburban  district  must 
necessarily  be  given  through  the  medium  of  alternating  current 
on  account  of  its  scattered  nature.  This  involves  three  principal 
elements  primary  feeders  and  distributing  mains,  transformers,  and 
secondary  distributing  mains. 

Each  transformer  is  essentially  a  small  substation  which  receives 
electricity  at  approximately  2200  volts  and  delivers  it  at  appr 
mately  no  and  220  volts.  The  distribution  of  electricitv  from  this 
minature  substation  must  therefore  conform  to  the  law-  governing 
the  distribution  of  electricitv  at  low  voltage.  This  means  a  com- 
paratively heavy  cross  section  of  copper  and  short  runs. 

The  growth  of  a  distributing  system  consists  tor  the  most  part 
of  a  number  of  small  and  scattered  increments  of  load  which  afl 
the  secondary  system  and  the  transformer  before  they  affect  the 
primary  system.  We  will  therefore  consider  these  questions  in  the 
reverse  order  from  the  flow  of  electricity,  but  in  the  logical  order 
of  reinforcement  of  the  physical  plant. 

Secondary  Distribution. 

A  system  of  secondary  mains  passes  through  three  general  stages 
of  development  in  expanding  from  a  small  to  a  lar^e  system. 

1.  A  period  in  which  scattered  transformers  supply  isolated  sec- 
ondary mains  not  interconnected  with  other  transformers. 

2  .A  period  in  which  the  mains  from  adjacent  transformers  -row 
together  along  principal  thoroughfares  where  they  may  be  con- 
nected to  each  other,  but  intersecting  few  other  secondary  mains 
of  importance. 

3.  A  final  stage  in  which  secondan  main-  are  required  on  nearly 
all  streets  and  are  therefore  joined  into  a  net  work. 

The  first  period  is  that  found  in  residence  and  other  outlying 
ritory  not  fully  built  up.    When  a  new  consumer  i-  i"  he  connected 
in  such  a  territorv  the  problem  is:     Shall  a  transformer  he  installed 
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or  the  nearest  secondary  main  extended  to  the  premises?  The  in- 
stallation of  a  transformer  involves  an  investment  and  an  operating 
expense,  due  to  its  core  loss.  The  extension  of  the  secondary  main 
also  involves  an  investment  in  conductors  and  perhaps  an  increase 
in  the  capacity  of  an  existing  transformer.  The  cost  of  the  two 
alternative  plans  being  ascertained,  the  one  selected  should  be  that 
which  involves  the  least  annual  cost  for  interest,  depreciation  and 
operation. 

There  is  little  occasion  in  this  period  of  development  to  connect 
secondary  mains  in  multiple.  Where  the  mains  have  been  extended 
until  they  meet  each  other  it  is  usually  preferable  not  to  connect  them, 
as  the  blowing  of  the  fuse  of  either  transformer  shifts  the  load  to 
the  other  and  overloading  it  blows  its  fuse  also ;  and  transformers 
are  so  far  apart  that  they  cannot  share  each  other's  load  to  any  ap- 
preciable extent  in  case  of  an  overload  on  either  of  them. 

The  second  period  of  development  is  reached  when  consumers  be- 
come so  closely  situated  that  it  is  necessary  to  provide  a  secondary 
main  along  the  entire  length  of  a  thoroughfare.  This  condition  is 
usually  first  met  along  business  streets  and  boulevards,  and  results 
in  a  long  secondary  main  fed  at  intervals  by  transformers,  but  inter- 
sected by  few  other  secondary  mains  of  importance.  When  such  a 
main  has  been  established  it  is  the  problem  of  the  engineer  to  deter- 
mine how  far  apart  transformers  should  be  located  and  what  size  of 
conductor  should  be  used. 

The  density  of  the  load  varies  in  different  parts  of  the  street  and 
there  are  large  blocks  of  load  at  particular  points  which  make  the 
problem  a  perplexing  one  at  best. 

Calculations  made  on  the  assumption  of  an  evenly  distributed  load 
<  m  a  straight  secondary  main  10,000  feet  long,  with  transformers  and 
wire  figured  at  average  costs  of  the  past  few  years  indicate  that 
where  the  load  is  heavy  enough  to  derive  any  benefit  from  inter 
connection  the  must  economical  arrangement  of  transformers  occurs 
on  overhead  lines  with  a  spacing  of  about  500  feet  apart  when  the 
drop  on  the  secondary  main  averages  2  per  cent,  from  the  trans- 
f(  >rmer  to  the  most  remote  customer's  service. 

With  underground  lines  the  most  economical  spacing  is  between 
300  and  400  feet. 

The  variation  of  annual  cost  for  several  load  densities  with  three- 
wire  Edison  mains  overhead,  is  shown  in  Fig.  1.  This  also  includes 
a  curve  showing  the  cost  of  a  four-wire  three-phase  secondary,  car- 
rying a  load  with  a  density  of  150  kw.  per  1,000  feet.  It  will  be 
noted  that  the  cost  of  three-phase  four-wire  secondary  distribution 
is  considerably  greater  than  the  cost  of  Edison  three-wire  distribu- 
tion. This  is  due  principally  to  the  fact  that  25  kw.  transformers 
are  required  on  a  four-wire  three-phase  secondary  as  compared  with 
50  or  75  kw.  units,  with  an  Edison  three-wire  secondary.  The 
smaller  transformer  units  involve  a  greater  investment  and  an  in- 
creased core  loss. 
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The  three-phase  four-wire  secondary  system  is  therefore  an  ex- 
pensive system  of  secondary  distribution  as  well  as  a  difficu 
to  operate  with  a  proper  balance. 
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The  figures  used  in  the  curves  are  based  on  an  assumption  that 
the  load  is  evenly  distributed  along  the  line  throughout  its  length. 

Unfortunately  ^uch  is  not  the  case  in  practice.  It  is  usual  to  find 
a  portion  of  a' secondary  main  heavily  loaded  and  other  portions 
more  lightly  loaded,  owing  to  the  differences  in  the  character  of  the 
neighborhoods  through  which  it  passes.  At  intervals  a  large  store, 
church  or  other  consumers  of  electricity  may  throw  heavy  loads  upon 

the  line.  ,  , 

It  is  therefore  necessary  in  practice  to  locate  transformer  a< 
closely  as  possible  to  such  large  consumers'  premises  and  design  tin- 
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main  between  them  to  carry  the  scattered  consumers  whose  load  is 
approximately  evenly  distributed.  An  extended  secondary  main  may 
therefore  be  made  up  of  several  sizes  of  wire  at  different  points  with 
transformers  having  various  spacings,  depending  upon  the  load  den- 
sity in  the  vicinity. 

Networks. 

The  network  is  the  last  step  in  the  development  of  a  system  of 
secondary  mains.  It  consists  of  mains  running  at  angles  so  that 
they  cross  each  other  and  may  be  interconnected  at  intersecting 
points. 

Transformers  are  located  at  points  of  intersection  so  that  they 
deliver  current  in  each  direction  with  the  best  economy  of  copper. 
The  transformers  thus  maintain  the  full  feeder  end  pressure  at  all 
junction  points  where  they  are  placed,  as  the  primary  mains  are 
usually  so  short  that  there  is  no  appreciable  drop  in  them.  This  is 
an  advantage  over  a  direct  current  network  where  each  feeder  is 
connected  to  the  network  in  only  one  or  two  places,  and  the  mains 
must  have  greater  capacity  in  order  to  maintain  an  even  pressure 
throughout. 

Large  networks  are  usually  underground  since  this  form  of  con- 
struction is  commonly  required  by  municipalities  in  congested  sec- 
tions. This  form  of  construction  is  favorable  to  the  maintenance 
of  lines  and  the  requirements  of  continuous  service. 

The  provision  of  manholes  of  suitable  size  for  the  large  trans- 
former units  required  in  sections  where  the  load  is  very  dense  be- 
comes a  difficult  problem.  The  presence  of  conduits,  gas  pipes,  water 
pipes,  car  tracks,  etc.,  utilizes  so  much  space  that  it  becomes  a  phy- 
sical impossibility  to  secure  clear  space  in  manholes  for  large  trans- 
formers, except  by  excavating  to  a  depth  where  drainage  becomes 
impossible.  The  difficulty  and  expense  under  such  conditions  may 
make  it  preferable  to  establish  a  transformer  substation  from  which 
low  tension  feeders  emanate  as  in  direct  current  systems. 

Power  Secondaries. 

Where  both  power  and  lighting  service  must  be  given  in  the 
same  locality,  provision  must  usually  be  made  for  separate  trans- 
formers and  secondary  mains  for  power  service  on  account  of  the 
poor- regulation  of  transformers  carrying  inductive  loads  which  pro- 
duces flickering  and  insufficient  light  when  motors  are  connected 
to  the  same  transformers  with  the  lighting. 

Secondary  mains  for  power  purposes  may  be  designed  with  as 
much  as  5%  drop,  however,  and  may  therefore  be  extended  some- 
what farther  from  transformers  than  lighting  secondaries. 

In  manufacturing  districts  the  power  load  exceeds  the  lighting 
load,  but  is  usually  so  much  scattered  that  no  secondary  mains  of 
great  extent  are  developed. 

In  mercantile  districts  of  medium  sized  cities  where  there  is  a 
fairly  heavy  load  of  both  light  and  power  to  be  served,  it  is  often 
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a  serious  question  to  determine  the  best  method 
and  power  service  with  a  minimum  investment  in  condud 
the  power  load  is  less  than  50',,    of  the  total  and  where  the  tr. 
former  capacity  is  so  great  that  starting  current  of  individual  m 
is  not  noticeable,  it  is  permissible  to  combine  lighting  and  power  sec- 
ondaries  in  one  system.     In   a   two-phase  system  this   requir< 
three-wire  secondary,  carrying  the  lighting  on  one  phase  and 
extra  power  wires  for  customers  requiring   both  light  and  p. . 
making  a  five-wire  system.     In  a  three-phase  system  two  methods 
are  available,  each  of  which  requires  four  wire-.     In  the  first  the 
lighting  is  carried  on  one  phase  with  a  three-wire  Edison  secondary. 
Two  smaller  transformers  are  connected  to  the  other  two  phases  and 
a  fourth  wire  brought  from  them,  which,  in  conjunction  with  the 
two  outer  wires  of  the  lighting  system,  give  three-phase   service. 
The  fourth  wire  and  transformers  need  only  be  of  sufficient  size  to 
carry  the  power  load. 

In  such  a  system,  however,  all  the  lighting  transformers  of  the 
given  feeders  must  be  connected  to  the  same  phase  if  the  load  is 
dense  enough  to  make  the  use  of  interconnected  secondaries  ad- 
vantageous. 

In  the  case  of  a  very  dense  load  carried  on  underground  mains 
where  the  size  of  transformer  units  is  as  large  as  it  is  practicable 
to  use,  the  four-wire  three-phase  secondary  with  transformer  sec- 
ondaries Y  connected  has  certain  advantages.  With  a  network, 
the  larger  diversity  factor  tends  to  facilitate  the  work  of  maintain- 
ing a  balance  and  to  minimize  the  objections  which  apply  to  this 
system  where  it  is  used  on  smaller  load  densities.  With  under- 
ground lines  any  system  which  requires  separate  light  and  power 
secondaries  involves  the  cost  of  one  extra  duct  and  extra  conductors 
for  all  services  which  require  both  light  and  power. 

Size  of  Transformers. 

The  selection  of  the  proper  size  of  transformer  for  the  supply  of 
various  classes  of  consumers  is  a  matter  of  great  importance  since 
excess  capacitv  involves  idle  investment  as  well  as  unnecessary  core 
losses.  The  size  of  transformer  units  should  therefore  be  kept  as  low 
as  possible  consistent  with  heating  of  the  apparatus  and  good  regula- 
tion. 

Very  few  electric  light  and  power  consumers  use  their  entire  con- 
nected load  at  any  time.  In  lighting  there  are  always  some  lamps 
which  are  not  in  use  at  times  when  the  principal  part  of  the  light- 
ing is  on,  and  for  power  the  load  is  frequently  less  than  the  rated 
capacity  of  the  motor.  Where  there  are  a  number  of  motors  in  use 
the  maximum  load  is  rarely  on  all  of  them  at  the  same  time. 

Certain  ratios  of  maximum  demand  to  connected  load  may  be  es- 
tablished   by    a    series    of   measurenr*  the    various    das 
of  consumers  for  which  it  is  necessary  to  select  transformers.    These 
ratios  may  then  be  applied  with  reasonable  certainty  to  the  selection 
of  transformers  for  new  consumers. 
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For  instance,  it  has  been  found  in  the  City  of  Chicago  that  in 
store  lighting  the  maximum  demand  for  window  lighting,  signs  and 
other  display  lighting  is  practically  100%  of  the  connected  load. 
The  demand  on  interior  store  lighting  is  75  to  80%.  There  are 
usually  two  or  three  nights  in  the  week  in  which  the  demand  will 
be  less  than  this.  In  residences  where  the  connected  load  is  50 
lights  or  more,  the  average  maximum  demand  of  a  group  of  resi- 
dences is  15  to  20%  of  the  connected  load.  Individual  residences 
may  have  occasional  maximums  of  30  to  50%  for  which  some  allow- 
ance should  be  made  in  selecting  transformer  capacity.  The  size 
of  the  transformer  should  be  such  that  it  will  carry  the  occasional 
high  maximum  of  the  largest  individual  consumer  together  with 
the  average  maximum  of  the  other  consumers  on  the  transformer. 
Oil  transformers  may  safely  be  permitted  to  carry  25  to  50%  over- 
load occasionally  in  such  cases. 

Small  residences  and  apartments  having  connected  loads  of  40 
lights  or  under  average  about  20%  of  the  connected  load,  with  25  to 
30*  t  as  an  occasional  maximum. 

In  general,  a  higher  ratio  must  be  used  where  there  are  but  two 
or  three  customers  on  a  transformer  than  where  there  are  ten  or 
more  consumers,  as  the  occasional  maximum  of  individual  consumers 
is  a  much  larger  percentage  of  the  total. 

In  the  case  of  churches  and  similar  public  buildings  capacity  must 
be  provided  for  the  illumination  of  the  largest  room  in  the  building 
together  with  the  necessary  hallways  and  corridors.  This  usually 
requires  capacity  for  at  least  75%  of  the  connected  load. 

In  theatre  lighting,  allowance  may  be  made  for  the  use  of  border 
and  foot  lights  of  several  colors  which  are  not  used  simultaneously 
and  for  the  fact  that  the  stage  and  auditorium  are  not  lighted  simul- 
taneously except  for  a  very  few  minutes  at  a  time.  In  a  small 
theatre  the  ratio  may  be  from  70  to  857c  while  in  a  large  theatre  it 
frequently  runs  as  low  as  50%. 

Where  several  classes  of  buildings  are  fed  by  one  transformer, 
the  capacity  must,  of  course,  be  determined  by  taking  each  class  into 
consideration  separately  and  thus  arriving  at  an  average  ratio  for 
the  whole. 

The  selection  of  transformers  for  power  consumers  is  a  more 
difficult  task,  as  the  maximum  load  may  vary  greatly  from  day  to 
day  or  from  month  to  month.  Consumers  having  but  one  of  two 
motors  generally  require  from  60  to  90%  of  the  aggregate  horse- 
power of  their  machines.  The  connected  load  should  be  estimated 
where  possible  from  the  nature  of  the  work  done  rather  than  from 
the  motor  ratings,  as  motors  are  frequently  chosen  with  reserve 
capacity.  Where  there  is  a  considerable  number  of  motors  the  max- 
imum load  is  often  not  more  than  40  to  50%  of  the  aggregate  rated 
horse-power  of  the  motors.  Elevator  andxrane  motors  require  trans- 
formers of  100  to  125%  of  their  rated  capacity  unless  there  are  sev- 
eral motors  supplied  by  one  unit.  This  is  necessary  in  order  to  hold 
up  the  pressure  in  starting.     The  load  of  such  equipments  is  so  in- 
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termittent  that  heating  is  usually  not  a  factor  in  determining 
size  of  the  transformer. 

The  type  of  transformer  which  has  proven  most  adaptable 

ditions  of  outdoor  service  is  the  oil  cooled  core  type  witl  ther 

proof  case. 

It  is  customary  to  provide  two  sets  of  coils  on  primary  and  sec- 
ondary so  as  to  make  the  transformer  interchangeable  for  [000 
2000  volt  systems  and  to  permit  their  use  on  either  tio  or  220  \ 
secondaries  or  three-wire  Edison  secondaries.  The  core  type  has 
proven  to  be  the  easiest  to  insulate  to  a  high  degree  and  has  external 
dimensions  which  are  well  adapted  to  location  on  poles  or  in  man- 
holes. 

The  improvements  in  recent  years  have  resulted  in  the  reduction 
of  iron  losses  to  a  minimum,  but  there  is  some  doubt  as  to  whether 
the  recent  tendency  to  make  a  saving  in  the  weight  of  copper 
quired  by  increasing  the  leakage  of  current  is  one  which  -In  mid  be 
encouraged.      A    design    which    require-    a    leakage    current    of    5', 
of  the  normal  full  load  current  of  the  transformer  at  a  power  fai 
of   about   30$     if   carried   out   through   a    large    system    would    re- 
quire the  operation  of  extra  generating  capacity   during  the  light 
load  period  to  supply  the  leakage  current. 

Primary  Mains. 
The  development  of  the  primary  distributing  system  is  carried 
on  chiefly  through  short  extensions  made  from  time  to  time  for  the 
purpose  of  reaching  new  customers  which  are  secured  in  locations 
where  no  lines  have  yet  reached.  For  the  most  part  these  are  one  or 
two  blocks  long  and  the  load  added  usually  does  not  amount  to  more 
than  a  few  kilowatts  in  the  case  of  lighting  and  from  5  to  150  horse- 
power or  more  in  the  case  of  power.  In  case  large  power  customers 
are  added,  it  is  sometimes  necessary  to  reinforce  the  primarj  >ystem 
by  extending  the  feeder  to  a  point  nearer  where  the  heavy  load  is  to 
be  carried.  In  general,  however,  the  large  reinforcements  of  the  pri- 
mary- system  are  provided  in  connection  with  an  annual  readjust- 
ment of  the  arrangement  of  feeders,  which  is  commonly  installed  dur- 
ing the  summer  months  so  that  it  may  be  readv  for  service  in  time 
for  the  heavy  load  period  of  the  fall  and  winter. 

Feeders. 

It  is  usual  to  adopt  a  standard  feeder  equipment  having  a  maxi- 
mum load  rating  of  from  150  to  _".*>  kws.  per  phase.  Station  equip- 
ment and  line  copper  are  provided  with  this  ultimate  maximum  I 
in  view.  A-  900n  as  the  load  on  the  feeder  has  reached  this  m 
mum.  it  i-  necessary  to  provide  additional  feeders  for  the  relict  of 
the  overloaded  feeders.  These  feeders  must  he  run  to  points  in  the 
primarv  main  system  where  they  may  be  connected  in.  to  pick  up 
portion-  of  the  load  of  other 

Thi>  work  sometimes  requires  considerable  study  to  arrive  at  the 
best  point-,  for  new  centers  of  distribution,  a-  the  routes  of  primary 
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mains  are  usually  fixed  by  the  location  of  streets  and  alleys  and  fre- 
quently cannot  be  arranged  to  make  the  most  desirable  electrical  lay 
out.  Primary  mains  are  usually  operated  according  to  a  plan  similar 
to  that  shown  in  Fig.  2.  It  will  be  noted  that  each  branch  has  but  one 
source  of  supply  and  that  no  system  of  interconnection  is  carried  out. 
The  distance  covered  and  voltage  employed  are  such  that  very  little 
advantage  is  gained  in  regulation  from  interconnection  whereas  from 
an  operating  standpoint  there  are  serious  disadvantages. 


»/•■»*  Twig.*  Pha3£.   r*ma*M3 
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FIC.   2. 

Systems  of  Distribution. 

Primary  distribution  is  carried  out  on  various  plans  in  different 
cities,  the  selection  of  the  system  being  governed  by  many  local  condi- 
tions such  as  the  relative  amount  of  light  and  power,  nature  of  con- 
struction (whether  underground  or  overhead),  amount  of  equipment 
which  would  be  rendered  obsolete  in  case  of  a  change,  etc. 

One  may  find  in  the  smaller  American  cities,  primary  distribution 
carried  out  on  the  single  phase  system  at  1,100  or  2,200  volts  at  60  or 
125  cycles.  One  hundred  and  twenty-five  cycles  and  1,100  volts  are, 
however,  now  practically  obsolete.  The  single  phase  system  is  used 
mostly  in  small  towns  where  no  power  consumers  requiring  more 
than  25  to  40  horse-power  each  are  supplied  and  where  the  power 
load  is  small. 


Gear—Alternating  Curre\  .tcm 

Two  Phase. 

Other  cities,  such  as  Philadelphia  and  Brooklyn,  are  employing 
two-phase  throe-wire  distribution.  Single  phase  branches  are  taken 
from  the  two-phase  feeders  where  lighting  only  is  required.  The 
voltage  from  either  phase  wire  to  the  common  wire  is  approximately 
2,200  while  that  between  phase  wires  is  approximately  3,000.  The 
neutral  wire  in  this  system  carries  41%  more  current  than  the  ph 
wires  and  where  feeders  are  run  at  their  rated  capacity,  the  neutral 
must  be  41%  larger  if  equal  heating  of  conductors  is  to  be  secured. 
This,  however,  is  not  usually  necessary  on  the  primary  distributing 
mains  as  No.  6  wire  is  used  in  any  event  for  mechanical  strength  and 
for  the  majority  of  the  system  it  is  ample  to  carry  the  neutral  current. 

The  amount  of  copper  required  on  the  feeders  of  such  a  system 
where  the  neutral  is  made  41%  larger  than  the  phase  wires  is  about 
15%  less  than  the  single-phase  system.  For  the  same  energy  loss, 
however,  the  copper  required  is  the  same  for  both  systems.  The  only 
advantage  which  the  two-phase  system  has  over  the  single  phase  sys- 
tem, therefore,  is  the  ability  to  supply  polyphase  motors  for  large 
power  distribution. 

Four-wire  two-phase  distribution  in  which  the  two  phases  are  kept 
separate  is  used  to  some  extent,  but  has  not  been  generally  adopted 
owing  to  the  extra  expense  of  a  fourth  wire  carried  throughout  the 
distributing  system  without  any  advantages  to  offset  it. 

Where  two-phase  systems  are  employed  for  distribution  it  is  usual 
to  transform  to  three-phase  for  transmission  on  a  wholesale  basis. 

Three-Phase  Three-Wire. 

The  three-phase  system  is  perhaps  the  most  generally  employed 
method  of  primary  distribution.  This  is  accomplished  by  two  meth- 
ods, commonly  known  as  the  three-wire  and  the  four-wire. 

In  the  three-wire  three-phase  system  the  voltage  between  phase 
wires  is  approximately  2,200  and  transformers  are  connected  from 
phase  to  phase.  Lighting  lines  are  operated  from  one  phase  of  the 
three-wire  line.  Where  three-phase  power  is  to  be  delivered,  which 
is  usually  for  installations  of  5  horse-power  or  larger,  three-wires 
must  be  carried  and  either  two  or  three  transformers  installed.  Two 
transformers  with  secondaries  connected  on  the  open  delta  plan  are 
usually  found  satisfactory  for  power  consumers  whose  requirements 
do  not  exceed  25  H.P.  The  advantage  of  this  method  is  reduced 
cost  of  transformers,  iron  losses  and  expense  of  installation.  The 
unbalance  caused  by  such  consumers  is  not  serious  as  it  may  be  readily 
offset  by  single-phase  taps  connected  to  the  other  phase. 

In  sections  of  cities  where  the  load  is  principally  lighting,  but  where 
three-phase  power  is  required  for  occasional  elevators  and  similar 
equipment,  it  is  usual  to  connect  all  the  lighting  to  one  phase,  two  of 
the  wires  being  made  of  proper  size  for  this  purpose.  A  third  wire 
of  No.  6  or  No.  4  is  carried  into  the  district  to  supply  such  small 
power  business  as  it  may  be  necessary  to  serve. 
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This  plan  has  the  advantage  that  a  regulator  may  be  installed  in 
one-phase  wire  and  accurate  regulation  provided  on  the  lighting 
phase.  Where  lighting  is  carried  on  all  phases  it  is  necessary  to 
install  regulators  in  each  phase  wire  with  the  result  that  the  opera- 
tion of  either  regulator  affects  the  pressure  on  the  two  phases  and 
renders  the  work  of  pressure  regulation  too  cumbersome. 

For  a  large  system  where  the  number  of  feeders  must  be  kept  down 
to  a  minimum  and  where  they  must  be  loaded  to  the  best  advantage, 
this  system,  therefore,  has  serious  limitations. 

Four-Wire  Three-Phase. 

For  such  situations  the  four-wire  three-phase  system  has  decided 
advantages  over  the  three-wire  system  and  has,  therefore,  been 
adopted  in  several  of  the  larger  cities,  notably  Chicago  and  Cin- 
cinnati. 

The  special  advantage  of  this  system  is  that  where  there  is  suffi- 
cient load  to  require  a  three-phase  feeder,  the  transmission  is  effected 
at  3,800  volts,  and  loads  up  to  500  kw.  may  be  distributed  from  a 
single  feeder  at  distances  of  over  three  miles  from  the  station  with 
four  wires,  whose  size  is  fixed  only  by  their  current  carrying  capacity. 

The  neutral  wire  in  this  system  naturally  runs  near  earth  potential 
and  is,  therefore,  usually  grounded  at  the  generating  station.  This 
makes  it  necessary  to  look  somewhat  more  carefully  after  the  insula- 
tion of  lighting  arresters,  cables  at  points  where  they  join  overhead 
wires,  fuse  boxes  and  other  fittings,  than  in  other  systems.  It  is  also 
necessary  that  linemen  exercise  more  care  in  working  on  lines  where 
there  are  two  or  more  phases  present,  since  the  difference  of  potential 
between  phases  is  about  3.800  volts  instead  of  2,200.  This  system  re- 
quires one-third  the  copper  in  feeders  required  for  a  single  or  two- 
phase  system  at  2,200  volts,  or  44.4%  of  that  required  for  a  three- 
wire  three-phase  system  at  2,200  volts  under  equivalent  conditions. 

Standard  2,200  volt  transformers  may  be  used  for  all  purposes, 
being  Y  connected  for  power  purposes  and  fed  from  a  phase  wire 
and  neutral  for  lighting  purposes. 

The  feeder  lay  out  shown  in  Fig.  2  is  a  typical  one  for  a  feeder 
supplying  a  residence  district  where  the  three-phase  mains  do  not 
cover  the  entire  territory. 

In  a  section  where  there  is  mercantile  lighting  and  manufacturing 
business  the  four-wire  mains  usually  cover  the  principal  thorough- 
fares in  the  section  supplied  by  the  feeder.  This  system  also  posses- 
ses certain  advantages  for  transmission  purposes  where  suburban 
sections  are  to  be  supplied  and  where  the  extent  of  the  load  does 
not  warrant  the  erection  of  an  expensive  substation.  In  such  cases 
the  erection  of  a  four-wire  line  operated  at  double  or  triple  the  main 
distributing  voltage,  will  double  or  triple  the  radius  of  supply  and 
thus  enable  the  load  to  be  delivered  at  the  remoter  sections  with  no 
more  than  normal  feeder  line  loss.  The  step-down  transformers  may 
be  of  the  weather-proof  type  mounted  on  a  suitable  platform  in  the 
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open  and  thus  require  no  attendance  or  substation  expense  other  than 
the  investment  in  the  transformer. 

In  this  manner  a  tour-wire  line  may  be  used  to  carr)  several  ad- 
jacent suburbs  at  minimum  expense  and  yet  give  the  suburbs  as  I 
class  service  as  is  given  by  the  feeders  operated  direct  from  the  main 
station.  This  is  possible  because  of  the  use  of  the  fourth  wire  which 
takes  care  of  the  unbalanced  load  and  which  in  conjunction  with 
line  drop  compensators  and  feeder  regulators  on  each  phase  makes 
the  matter  of  unbalanced  load  one  of  no  consequence. 

In  cities  of  such  size  that  the  length  of  feeders  and  load  distributed, 
results  in  the  extension  of  certain  feeder-  beyond  the  radius  of 
economic  distribution,  the  usual  procedure  is  the  establishment  of 
substations.  These  receive  energy  at  a  potential  of  6,6fJO  to  i;v200 
volts  by  means  of  duplicate  transmission  lines  and  convert  it  t<>  the 
distributing-  voltage.  In  some  of  the  larger  cities,  such  as  Chic 
and  Brooklyn,  where  the  energy  is  generated  at  25  cycles,  the  -ub- 
-tation  must  be  a  motor  generator  frequency  changing  station. 
Otherwise,  the  substation  consists  of  transformers,  -witching  equip- 
ment, regulators  and  the  like. 

The  establishment  of  a  substation  becomes  advisable  when  the  in- 
vestment in  feeders  to  a  given  area  from  existing  sources  of  supply 
seems  likely  to  equal  the  cost  of  a  substation  and  transmission  lines. 
In  a  growing  system  the  location  of  substation-  may  be  made  in 
advance  of  the  time  when  they  are  an  economic  neces>itv.  in  order  to 
avoid  the  abandonment  of  feeder  equipment. 

This  is  more  particularly  the  case  with  underground  lines.  The 
transmission  lines  should  be  well  protected  at  stations,  should  follow 
different  routes  as  far  as  possible  and  should  be  of  such  capacity  that 
the  loss  of  a  line  will  not  put  any  part  of  the  substation  load  nut  of 
service,  more  than  a  few  minutes,  in  case  of  trouble. 

Construction  Methods. 

The   evolution   of  an   alternating  current    distributing  system   is 
materially  affected  in  many  cases  by  the  class  of  construction  which 
is  permissible.     In  territorv  where  overhead  construction  is  allowed 
by  the  terms  of  the  franchise,  small  customer-  can  he  taken  car 
by  making  comparatively  inexpensive  line  extensions  which  would 
be   prohibitive   in   the   underground  territory.     On   the  other   hand, 
growth  in  underground  territory  must  often  be  based  on  future  pi 
pects  rather  than  on  the  immediate  returns  to  be  secured.     Like. 
the   electrical    layout    where   overhead    construction    is    adh< 
may  at  time-   look  very  inconsistent   when   laid  down   on   paper  in 
diagrammatic    form   on   account  of   the   restriction-   placed  on   o\ 
head  route-. 

It  will  not  be  possible  in  the  scope  of  tin-  paper  to  discuss  all  of 
the  points  affecting  the  construction  of  a  distributing  system,  but  we 
may  consider  briehV   some  of  those   features   which   are   of   1 
particular  interest. 
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Overhead  Work. 

The  design  of  the  pole  line  in  distribution  work  differs  from  trans- 
mission line  work  in  that  the  direction  of  lines  changes  frequently 
and  that  corner  poles  must  often  be  self  sustained  as  guying  is  im- 
practicable. This  necessitates  the  use  of  reinforcement  around  the 
base  of  the  pole  by  means  of  planks  or  concrete.  The  planking 
method  is  preferable  where  the  digging  is  easy  while  concrete  is 
usually  used  where  the  size  of  the  hole  must  be  kept  down  to  a 
minimum.  Six  or  eight  inches  of  concrete  placed  around  the  pole 
on  one  side  is  usually  sufficient  to  give  the  necessary  increased  bear- 
ing surface  to  prevent  the  pole  from  pulling  over.  Strains  on  corner 
poles  which  are  self-sustained  are  relieved  in  part  by  the  use  of  head 
guys  to  the  next  pole  in  each  direction.  Similar  construction  is  some- 
times necessary  in  the  case  of  cable  poles  where  overhead  lines  are 
dead  ended  and  connected  to  underground  cables. 

The  spacing  of  poles  is  affected  by  the  length  of  blocks,  width  of 
lots,  arrangement  of  alleys  and  the  number  of  services  which  are  to 
be  taken  off.  Span  lengths  may  therefore  vary  from  75  to  125  feet 
or  more. 

It  is  important  that  poles  be  placed  opposite  lot  lines  to  minimize 
interference  with  the  rights  of  abutting  property  owners  and  where 
spans  are  long  it  is  difficult  to  reach  buildings  half  way  between  poles 
with  service  drops.  Where  there  are  several  more  service  drops 
going  off  one  side  of  the  pole  than  the  other,  it  is  sometimes,  neces- 
sary to  use  a  pole  of  eight  or  nine  inch  top  diameter  to  prevent  the 
line  being  pulled  out  of  shape.  It  is  also  desirable  to  use  poles  with 
heavy  top  diameter  for  large  transformers ;  for  self  sustained  corner 
poles  and  cable  poles,  10  and  12  inch  tops  being  used  in  some  cases. 

Where  distribution  is  made  by  alley  lines,  the  roadway  is  so  nar- 
row that  poles  must  be  set  close  to  the  property  line  which  neces- 
sitates the  use  of  side  arms,  commonly  known  as  alley  arms.  The 
tendency  to  pull  the  pole  over  due  to  unbalanced  strain  is  offset  by 
giving  the  pole  a  slight  rake  toward  the  property  line  before  it  is 
set.  Where  the  weight  of  the  wires  is  considerable,  as  on  main  feeder 
runs,  and  where  wires  are  dead  ended,  it  is  necessary  to  put  on  a 
double  set  of  cross  arms  to  support  the  strain. 

Where  transformers  of  20  kw.  and  larger  are  to  be  supported  on 
poles,  it  is  desirable  to  use  an  extra  heavy  cross  arm  in  order  to 
provide  an  ample  factor  of  safety.  Single  transformers  up  to  50 
kw.  and  three-phase  installations  consisting  of  three  30  kw.  trans- 
formers can  be  safely  carried  on  a  single  pole  with  4  by  5  in.  cross 
arms,  double  armed.  Where  large  power  customers  are  to  be  carried 
involving  three  or  six  units  larger  than  30  kw.  it  is  preferable  to  set 
extra  poles  and  build  a  platform  between  them,  as  shown  in  Fig.  3. 

In  a  number  of  the  larger  cities,  and  especially  where  alley  lines 
are  used,  it  is  customary  for  electric  lighting  and  telephone  com- 
panies to  maintain  lines  jointly.  A  clearance  of  five  feet  is  main- 
tained between  the  lower  cross  arm  of  the  lighting  company,  whose 
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FIG.   3 

wires  are  always  carried  on  the  top  of  the  pole  and  the  upper  cross 
arm  of  the  telephone  company.  Poles  must,  of  course,  be  selected  of 
sufficient  height  to  provide  clearance  over  buildings  and  obstacles  in 
the  thoroughfare  and  a  sufficient  working  space  for  the  equipment 
of  both  companies. 

This  Class  of  construction  has  been  found  safer  than  separate  lines 
on  the  opposite  sides  of  the  thoroughfare  and  the  numbers  of 
accidents  which  have  resulted  from  the  presence  of  primary  wire,  on 
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the  same  poles  with  telephone  wires  has  been  less  than  those  due 
to  telephone  service  drops  becoming  crossed  with  electric  light  wires 
where  separate  lines  are  maintained.  Fig.  4  illustrates  a  typical  situ- 
ation in  Chicago,  where  this  class  of  construction  has  been  extended 
to  practically  all  distributing  lines. 


Fig.  4 
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Underground  Lines. 

Where  underground  construction  is  required  some  Eorm  of  draw  in 
system  has  been  adopted  almost  universally  in  American  practice. 
Short  extensions  of  secondary  line  haw  been  made   in   sol 
with   Edison  tube.     Engineers  have  also  in  some  cases   laid 
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Fig.  5- 
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armored  lead  sheathed  rubber  insulated  cable  underground  with- 
out protection  other  than  perhaps  a  piece  of  plank  laid  above  the 
cable.  This  construction,  however,  is  limited  to  country  districts 
where  excavations  are  made  infrequently  and  where  the  cost  must  be 
kept  down  to  a  minimum.  The  use  of  single  and  multiple  con- 
ductor cables  insulated  with  paper,  varnished  cambric  or  rubber 
and  sheathed  with  lead  to  exclude  moisture,  drawn  into  tile  duct, 
has  become  the  standard  form  for  installing  circuits  under  ground 
in  all  cases  where  the  importance  of  the  service  and  the  extent  of  the 
business  will  justify  the  investment.  Multiple  conductor  cables  are 
used  only  for  through  lines  on  account  of  the  difficulty  of  making 
taps. 

The  use  of  single-conductor  cable  for  distribution  lines  is  some- 
what more  expensive  in  first  cost,  but  is  much  preferable  in  opera- 
tion. Along  main  business  streets  where  the  load  is  quite  dense, 
it  is  necessary  to  install  transformers  in  manholes  and  maintain  a 
low  tension  secondary  system  from  which  cable  services  are  taken 
into  the  buildings. 

Transformers  for  this  class  of  service  must  be  provided  with  spe- 
cial water  proof  cases  and  the  manholes  in  which  they  are  placed 
should  preferably  be  provided  with  sewer  connection  for  drainage. 

In  the  City  of  Chicago  it  happens  that  practically  all  the  sections 
where  the  load  is  sufficiently  dense  to  require  such  construction,  are 
in  direct  current  territory,  and  the  use  of  subway  transformers  is 
therefore  very  limited.  A  considerable  portion,  however,  of  the 
primary  distributing  system  has  been  placed  underground.  This  has 
been  accomplished  by  the  installation  of  conduit  lines  on  the  main 
thoroughfares  in  which  the  feeders  are  placed,  thus  eliminating  a  con- 
siderable portion  of  the  overhead  feeder  routes.  This  system  has 
been  further  extended  to  include  the  principal  branch  lines  which 
follow  the  main  thoroughfares.  The  smaller  taps  taken  from  the 
main  distributing  lines  are  brought  up  the  pole  at  the  alley  intersec- 
tion and  the  transformers  with  secondary  distribution  are  main- 
tained overhead  in  the  alleys.  A  portion  of  such  a  circuit  is  shown 
in  Fig.  5.  This  method  permits  the  removal  of  pole  lines  from  all 
principal  streets  and  avoids  the  expense  of  installing  numerous  man- 
holes and  service  laterals  which  otherwise  are  required  in  connection 
with  distribution  by  underground  secondary  lines. 

A  special  form  of  detachable  porcelain  pot-head  has  been  devised 
for  making  connection  between  the  underground  taps  and  the  over- 
head lines,  by  which  any  overhead  tap  may  be  disconnected  in  case 
of  trouble  or  for  construction  purposes,  as  in  Fig.  6. 

In  the  operation  of  the  primary  system  it  is  desirable  to  reduce  the 
number  of  fuses  to  a  minimum,  consistent  with  proper  protection  of 
small  taps  without  interrupting  service  in  too  large  an  area.  It  is 
usually  preferable  to  depend  upon  station  circuit  breakers  to  protect 
the  station  from  short  circuits  which  may  occur  on  the  feeder  or 
any  of  the  principal  mains.  The  use  of  fuses  on  the  principal  mains 
is  not  practicable  because  of  the  large  capacity  which  is  required 
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and  because  thus  far  no  fuse  block  1  1   wilich  has 

proven  thoroug-hly  reliable  when  used  with  fuses  of  25  ami 
upwards  at  2,000  volts.    It  is  important,  h.  meeting 

points  be  provided  at  the  feeder  ends  so  that  any  main  ca 
to  facilitate  the  location  of  trouble. 


Fig.  6. 

The  requirements  of  continuity  of  demand   facilitie 

interconnecting  the  mains  of  adjacent  circuits  in  times  of  emergency. 
It  is  therefore  important  that  the  mains  of  each  feeder  be  provided 
with  means  of  interconnecting  to  other  feeders  so  that   in  case  of 
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serious  trouble  on  any  adjacent  feeder,  the  mains  of  that  feeder  may 
be  made  alive,  promptly.  This  provision  is  also  a  necessity  where 
any  construction  work  is  to  be  done  on  a  feeder  which  necessitates 
its  being  shut  down  during-  the  light  load  period. 

The  adaptation  of  these  principles  to  underground  primary  dis- 
tributing systems  is  very  important,  as  the  occurrence  of  trouble  on 
cables,  while  infrequent,  is  apt  to  result  in  much  longer  interruption 
of  service  and  means  must  therefore  be  at  hand  by  which  the  portion 
affected  may  be  isolated,  and  the  remainder  gotten  into  service  again 
very  promptly.  The  range  of  subjects  covered  in  this  paper  has 
precluded  detailed  treatment,  but  it  is  hoped  that  the  points  sug- 
gested will  at  least  provoke  discussion  if  they  do  not  instruct. 

Discussion 

Mr.  G.  H.  Lukes,  m.w.S.e. :  Mr.  Gear  has  touched  upon  nearly 
all  the  problems  that  bother  the  distribution  engineer.  There  are 
one  or  two  points  brought  out  that  I  would  like  to  emphasize.  He 
refers  to  the  increase  of  leakage  current  in  transformers  of  re- 
cent design.  This  may  be  a  matter  of  considerable  importance  to 
companies  supplying  a  lighting  load  in  scattered  districts  in  which 
there  are  necessarily  a  large  number  of  small  transformers.  I  hope 
that  we  may  hear  something  from  the  transformer  people  about 
this. 

In  Chicago  we  are  firm  believers  in  the  four-wire,  three-phase 
system  for  primary  distribution.  The  advantages  of  this  system 
are  clearly  shown  in  the  distribution  in  the  district  south  of  71st 
St.,  Chicago.  This  section  of  the  city  includes  an  area  of  perhaps  150 
sq.  mi.,  in  which  there  is  a  load  of  about  900  kw.  It  is  supplied  from 
2  four-wire  feeders  extending  from  the  56th  St.  Station  to  two 
small  sub  stations  at  Fernwood  and  South  Chicago.  The  voltage 
on  these  feeders  is  stepped  up  at  56th  St.  from  2300-4000  to  4600- 
8000  volts  and  stepped  down  again  at  the  sub  stations.  The  feeder 
regulators,  however,  are  at  the  56th  St.  Station  and  no  attend- 
ance is  required  at  the  sub  stations.  It  will  thus  be  seen  that  a 
large  area  is  supplied  with  a  comparatively  low  investment  per  kw. 
and  with  a  small  distribution  operating  cost  per  kw.  hr. 

I  have  found  that  the  most  annoying  distribution  problems  are 
encountered  in  cases  where  not  only  commercial  but  street  lighting 
service  is  supplied  from  overhead  lines.  An  overhead  street  light- 
ing system,  particularlv  if  it  consists  of  series  incandescent  lamps, 
requires  poles  on  the  streets.  An  alley  system  of  distribution  for 
commercial  service  seems,  therefore,  to  result  in  a  duplication  of 
pole  lines.  Under  such  circumstances  it  is  sometimes  difficult  to  de- 
cide just  which  to  do. 

Mr.  Roper.  Chairman:  I  was  interested  in  Mr.  Lukes'  remarks 
with  reference  to  the  satisfactory  system  of  lighting  in  Chicago, 
and  which  he  feels  is  the  only  system.  I  have  heard  exactly  the 
same  opinion  expressed  by  engineers  where  they  had  quite  a  differ- 
ent svstem  ! 
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Mr.  Hayward  Cochrane,  m.w.s.e.:  I  would  inquire  why  it  is 
easier  to  regulate  in  the  four-wire,  three-phase  system,  than  in  the 

three-wire,  three-phase  ? 

Mr.  (.car:    The  difficulty  arises  from  the  fact  thai  in  the  I 
wire,  three-phase  system   .the  regulators   must   be  inserted   in  i 
of  the  wires  and  pressure  must  be  taken  across  to  one  of  the  otl 
wires,  and  the  current  going  through  one  of  those  wires  is  not  in 
phase  with  the  pressure  which   is  added  to  it.  therefore,  in   r< 
biting  a   three-phase,    three-wire   system,   die- operator   must    I 
working  these   three   regulations  a  good   share   of   the  time.     On 
the  four-wire  system,  the  current  is  in  phase  with  the  pressure  ami 
the  operation  of  the  regulator  effects  only  one  phase,  since  the  load 
is  connected   from  phase  wire  to  neutral,   while  in   the  delta   system 
the  load  is  connected  between  phases. 

Mr.  J.  R.  Cravath,  m.w.s.e.:  Mr.  dear  has  touched  upon  the 
question  of  tying-  together  secondary  mains.  There  are  a  num- 
ber of  smaller  cities  where  it  is  the  practice  to  tie  their  secondary 
mains  together  solidly,  with  a  transformer  every  few  hundred  feet 
feeding  into  them.  That  is  an  arrangement  which  may  operate 
satisfactorily  for  a  year  or  two.  or  three  years,  without  giving 
trouble,  but  sooner  or  later  there  is  likely  to  he  serious  trouble. 
If  one  transformer  gets  a  little  overloaded  and  its  primary  fuses 
blow,  its  neighboring  transformer  will  be  immediately  overloaded 
and  its  fuses  will  blow.  This  will  continue  from  transformer  to 
transformer,  and  it  is  only  a  few  seconds  until  the  whole  line  is 
out  of  service,  and  cannot  be  put  back  until  each  individual  primar) 
fuse  has  been  replaced.  I  know  of  one  case  where  that  happened 
with  disastrous  results,  and  there  have  probably  been  a  good  many 
other  cases. 

Mr.  Roper:  There  is  one  point  that  was  not  touched  on  in  the 
paper,  and  that  is  the  determination  of  the  point  at  which  it  be- 
comes advisable,  from  economical  reasons,  to  go  from  overhead 
to  underground  distribution,  on  account  of  density  of  the  load. 
That  is  a  point  that  will  arise  at  some  stage  in  the  development 
of  every  system,  and  it  is  one  that  is  very  largely  influenced  by 
ordinances,  etc. 

Mr.  P.  Junkersfeld,  m.w.s.e.:    The  class  of  engineering  described 
in  this  paper  is  not  of  the  spectacular  kind.     It  is  however,  of  the 
kind  that  is  essential  to  enable  a  company  to  give  good  servio 
its  customers   and  pay   reasonable   dividends  to  its   stockholders 

A  system  such  as  Mr.  Gear  describes,  was  first  installed  in  Chi 
cago  some  eight  or  nine  years  ago  a  four-wire  three-phase  sys 
tern.  In  the  meantime,  the  distribution  losses  have  been  reduced 
from  about  50  to  30' ,  .  If  you  stop  to  think 'what  that  means,  you 
will  realize  it  is  a  great  big  matter  in  the  operation  of  a  com- 
pany. This  class  of  work,  too,  is  one  that  requires  a  large  amount 
of  application.  Matters  may  come  up  several  times  a  day  and  if 
decisions  are  not  made  consistently,  the  best  results  cannot  be 
obtained. 
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Several  years  ago  among  many  people,  the  statement  was  made, 
especially  in  the  larger  cities,  that  the  only  system  paying  dividends 
were  the  ones  operating  with  direct  current.  That  is  no  longer 
true.  We  are  approaching  the  point  where,  with  well  designed  and 
carefully  operated  systems,  by  the  use  of  alternating  current  a 
very  good  service  can  be  given.  Four-wire,  three-phase  networks 
are  now  being  installed  in  some  of  the  smaller  cities,  under  con- 
ditions which  I  think  are  quite  promising.  In  the  denser  part  of 
this  city,  there  is  a  direct  current  system  and  the  alternating  current 
is  supplied  only  in  the  outlying  districts  where  service  is  not  quite  so 
severe.  It  is  rather  unfortunate  that  the  single-phase,  three-wire  sys- 
tem did  not  have  a  better  trial,  but  that,  too,  has  its  limitations.  It 
was  tried  in  one  place  but  has  been  discontinued,  although  it  was 
really  from  no  fault  of  the  system.  The  trial  was  in  a  city  and  under 
condition  where  it  did  not  meet  the  commercial  demands  of  taking 
on  isolated  plants  quickly,  and  in  a  city  which  was  really  too  large 
for  that  kind  of  a  system. 

There  is  another  thing  that  was  not  touched  on  much  in  the 
paper,  in  regard  to  underground  construction.  It  is  rather  an  old 
subject  and  has  been  referred  to  many  times.  There  is  a  great 
demand  for  a  cheaper  form  of  underground  construction,  and  there 
are  a  number  of  places  in  this  country  and  in  Europe  where  an 
armored  cable  system  of  underground  construction  answers  very 
well,  and  I  think  the  time  will  come  in  this  country  when,  under 
certain  conditions,  that  will  have  a  wider  application  than  it  receives 
today. 

Mr.  Gear:  There  is  one  point  which  I  did  not  discuss  fully, 
but  it  has  a  very  important  bearing  on  the  investment  required 
to  install  these  different  systems.  We  have  all  read  frequently 
comparisons  of  the  amount  of  copper  required  for  single-phase, 
three-phase,  etc.,  systems,  and  the  comparison  is  apt  to  be  mis- 
leading on  the  face  of  it.  If  the  single-phase  system  was  gen- 
erally adaptable  to  power  work,  it  would  be  the  best  system  of 
distribution  which  could  possibly  be  used ;  better  than  direct  cur- 
rent— better  than  any  alternating  current  system — for  the  reason 
that  what  extra  money  has  been  put  in  feeders  would  be  saved  in 
the  money  that  would  be  saved  in  having  only  two  conductors 
instead  of  three  or  four  on  the  distributing  mains.  The  larger 
part  of  the  investment  in  alternating  systems  is  in  distributing 
mains,  not  in  feeders,  and  for  that  reason  the  single-phase  system 
has  a  great  many  things  to  commend  it,  particularly  where  an 
underground  cable  is  employed. 

The  matter  of  street  lighting,  as  Mr.  Lukes  suggests,  is  one  which 
should  have  received  more  attention  than  has  been  given  to  it 
in  the  paper.  The  street  lighting  in  Chicago  is  almost  entirely 
municipal,  and  what  we  have  is  carried  on  other  lines  of  poles  which 
do  not  involve  any  extra  investment,  but  where  street  lighting 
is  involved  with  another  distributing  commercial  system,  it  makes  a 
very  perplexing  problem. 
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The  growing  importance  and  necessity  of  improved  highways  in 
nearly  all  sections  of  our  country,  together  with  the  fact  that  broken 
stone  roads  offer,  in  a  majority  of  instances,  one  of  the  most  prac- 
tical and  at  the  same  time  economic  methods  of  construction,  is  suffi- 
cient explanation  and  excuse  for  the  presentation  of  this  pap 

In  confining  the  subject  to  macadam  construction  the  writer  does 
not  mean  to  have  it  inferred  that  he  regards  macadam  construction 
as  the  only  one  for  improved  highways  or  that  it  is  the  method  that 
is  to  be  advocated  for  all  roads  in  all  communities.  But  it  will  be 
assumed  that  macadam  construction  has  been  decided  upon,  and  our 
problem  is  to  be  discussed  under  this  assumption,  so  that  no  dis- 
cussion of  the  relative  value,  under  various  conditions,  of  macadam 
and  other  forms  of  pavement  will  be  attempted.  It  was  the  writer's 
intention,  and  the  paper  was  first  prepared  to  present  complete  speci- 
fications for  road  work  where  macadam  construction  would  be  em- 
ployed, including  a  form  of  contract,  specifications  for  pipe  and 
masonry  culverts  and  the  general  causes  that  are  common  to  speci- 
fications for  public  work.  After  reconsidering  the  matter,  it  was 
decided  to  omit  everything  except  those  sections  that  pertain  to  the 
construction  of  the  macadam  surface  proper,  leaving  out  all  general 
clauses  and  notes  thereon  and  also  all  specifications  for  pipe  culverts 
and  incidental  work,  which  greatly  reduced  the  length  of  the  paper, 
which  was  becoming  somewhat  unwieldy.  At  the  same  time  there  is 
retained  the  most  interesting  portion,  or  at  least  that  portion  in 
which  any  change  is  suggested  from  the  methods  usually  followed. 

As  will  be  noticed,  the  concise  wording  of  the  specification  proper 
is  first  given,  followed  by  notes  in  explanation  of  the  purpose  of  the 
specification,  the  idea  being  that  with  the  purpose  of  the  specification 
explained  it  could  be  readily  adapted  to  any  given  condition. 

The  writer  appreciates  fully  the  difficulty  of  preparing  any  general 
specification  that  would  be  of  real  service  in  specific  instances.  Such 
a  difficulty  exists  no  less  in  specifications  for  macadam  road  w<  irk 
than  in  anv  other  line  of  engineering.  But  with  the  arrangement 
here  given  it  will  be  possible  to  render  a  specification  as  outlined,  ad- 
justable for  use  under  somewhat  varying  conditions. 

It  is  not  out  of  place  to  say  a  word  in  general  regarding  specifica- 
tion. There  is  often  a  great  temptation  to  draw  a  too  rigid  specifi- 
cation. In  this  connection,  Dr.  Charles  B.  Dudley  in  his  address 
before  the  American  Society  for  Testing  Materials  in  1903,  well 
expresses  the  penalty  one  pays  for  an  over  strict  specification,  as 
folows : 
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"Excessively  severe  limitations  in  a  specification  are  suicidal. 
"  They  lead  to  constant  demands  for  concessions,  which  must  be 
"  made  if  work  is  to  be  kept  going,  or  to  more  or  less  successful  ef- 
"  forts  at  evasion.  Better  a  few  moderate  requirements  rigidly  en- 
"  forced  than  a  mass  of  excessive  limitations  which  are  difficult  of 
"  enforcement,  and  which  lead  to  constant  friction  and  sometimes  to 
"  deception." 

On  the  other  hand,  specifications  should  not  be  too  lax  and  leave 
too  much  .to  the  "opinion  of  the  engineer."  It  is  generally  conceded 
that  a  good  rule  for  specifications  is  to  tell  only  what  is  wanted,  and 
no  more,  leaving  the  method  of  arriving  at  the  result  to  the  discre- 
tion of  the  contractor.  This  is  undoubtedly  a  good  rule  but  does  not 
cover  all  contingencies.  Actual  experience  in  road  building,  for  ex- 
ample, has  shown  the  wisdom  of  prescribing  in  certain  parts  of  the 
work  the  method  that  shall  be  followed  rathen  than  the  result.  This 
arises  from  the  fact  that  while  it  is  a  comparatively  easy  matter  to 
specify  precisely  what  we  want,  which  would  be,  let  us  say,  a  road 
with  a  smooth  surface,  properly  graded,  comfortable  to  travel,  and 
which  should  show  no  sign  of  depressions  or  other  inequalities  under 
traffic  at  any  time  of  the  year,  yet  it  is  impossible  to  say  from  its  ap- 
pearance after  the  road  is  built  whether  it  will  fulfill  our  specification 
or  not,  except  as  time  may  develop  the  good  or  bad  qualities  of  the 
work.  We  might,  of  course,  require  that  the  road  show  no  signs  of 
failure  for  a  stated  period,  assuming  that  if  it  withstood  the  action  of 
traffic  and  weather  conditions  for  two  or  three  years  that  it  would  be 
fair  to  assume  it  would  withstand  them  successfully  from  that  time 
on. 

Such  a  plan,  however,  would  withhold  from  the  contractor  such  an 
amount  of  money  as  would  be  a  very  considerable  inconvenience  and 
expense  even  if  this  method  could  be  justified  on  other  grounds.  But 
this  procedure  is  not  necessary.  Experience  has  shown  that  if  cer- 
tain methods  of  construction  are  followed  we  are  reason  ibly  assured 
as  to  the  results.  It  has,  therefore,  been  found  a  better  practice  to 
limit  the  contractor  as  to  the  methods  he  shall  employ,  and  release 
him  from  obligation  as  to  the  results.  This  latter  condition  is  not 
aways  considered,  and  one  sometimes  finds  specifications  which  pro- 
vide not  only  as  to  the  exact  methods  the  contractor  must  follow, 
but  at  the  same  time  put  an  obligation  upon  him  if  a  failure  of  any 
part  of  the  work  ensues.  Such  specifications  are  evidently  unskill- 
fully  drawn  as  they  can  seldom  be  enforced  at  law,  and  are  more  or 
less  evidence  of  the  engineer's  distrust  of  his  own  design  and  speci- 
ficate 

Before  we  pass  to  the  detailed  consideration  of  our  subject,  a  word 
should  be  said  regarding  the  influence  of  modern  traffic  conditions 
on  the  methods  of  road  building.  In  situations  where  but  a  few  years 
ago  there  would  be  no  doubt  as  to  the  efficiency  and  advisability  of 
ordinary  macadam  construction,  there  is  today  much  uncertainty  in 
the  minds  of  most  highway  engineers  as  to  what  is  best.    This  change 
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has  been  brought  about  by  the  increase  in  motor  vehicle  traffic,  and 
has  attracted  the  world  wide  attention  and  study  of  road  builders. 

There  does  not  seem  to  be  any  question  bul  thai  it  1 
maintain  in  good  condition  an  ordinary  macadam  road  5ubj 
any  large  amount   of  motor  traffic,     'it   is  only  by  applyin 
tough,  elastic  binder  in  the  top  or  wearing  course  of  the  road  th 
macadam  surface  can   successfully  resist  this  traffi  present 

practice  is  generally  to  use  for  this  purpose  either  a  coal  tar  or  an 
asphalt  compound.  Sufficient  experience,  however,  has  no1  been  had 
to  determine  definitely  what  will  prove  best.  Although  considerable 
knowledge  has  been  gained  in  the  methods  of  application,  the  test  of 
time  is  yet  to  prove  the  relative  worth  of  different  methods  and 
material.  The  problem  for  solution  is,  can  macadam  roads  that  will 
prove  satisfactory  and  economical  under  the  new  traffic  conditions  be 
built  with  only  a  slight  increase  in  cost?  If  it  is  necessary  for  the 
preservation  of  macadam  construction  to  double  or  treble  its  cost, 
we  have  other  kinds  of  pavement  available  which  are  known  to  be 
more  durable  and,  if  economy  is  the  chief  consideration,  to  be  more 
desirable.  But  we  enter  here  on  the  discusion  of  what  kind  of  a 
pavement  should  be  used,  which,  as  before  stated,  is  not  to  be  a  part 
of  this  paper. 

There  are,  however,  many  miles  of  road  that  can  be  maintained 
as  macadam  roads.  It  also  seems  probable  that  where  there  is  but 
a  moderate  amount  of  motor  traffic  such  roads  can  be  maintained  by 
a  comparatively  inexpensive  treatment  which  will  insure  a  durable 
road  surface  at  an  expense  not  incommensurate  with  the  worth  of 
the  road  to  the  public.  But  we  should  keep  in  mind  that  even 
though  our  road  today  has  but  little  or  no  motor  traffic,  it  probably 
will  have  more,  rather  than  less,  so  that  our  method  of  construction, 
wherever  we  can  do  so  economically,  should  be  changed  to  meet  such 
a  condition.  The  specifications  and  suggestions  made  here  have 
been  drawn  with  this  idea  in  view. 

SPECIFICATION'S. 
ROAD-BED. 

The  road  bed  will  be  considered  as  that  portion  of  the  road  upon  which 
broken  stone  is  to  be  placed.  The  road  bed  is  to  consist  of  the  natural  earth 
which  has  been  brought  to  the  proper  elevation  and  cross  sections  and  rolled 
by  a  steam  roller  until  firm  and  hard. 

If  sandy  or  other  soil  be  encountered  which  will  not  compact  readily  under 
the  roller,  a  small  amount  of  clay  or  other  means  shall  be  used  until  a  firm, 
hard  surface  is  obtained  after  rolling. 

Xote.  The  width  of  broken  stone  to  accommodate  the  traffic 
ordinarily  found  on  roads  in  agricultural  sections  of  the  country  does 
not  need  to  be  over  12  feet.  Here  the  traffic  con^t-  of  wagons  fol- 
lowing one  another,  so  that  even  where  a  greater  width  has  been 
provided  it  has  been  found  that  the  travel  is  confined  to  a  -ingle 
track  so  that  the  extra  width  has  been  built  to  no  practical  pur]. 
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It  is  often  contended  that  12  feet  is  not  sufficient  room  for  wagons 
to  pass.  This  is  true  for  some  kinds  of  wagons.  It  is,  however, 
usually  a  fact  that  the  loaded  wagons  are  all  moving  in  the  same  di- 
rection at  a  given  time  in  the  day,  so  that  the  chances  are  that  at 
least  one  of  the  wagons  meeting  will  be  unloaded  and  could  turn  out 
with  little  inconvenience,  even  in  the  worst  weather.  Inasmuch  as 
this  will  happen  but  occasionally,  the  side  of  the  road  or  shoulders 
will  not  be  cut  up.  Serious  inconvenience  is  experienced,  however, 
in  the  immediate  neighborhood  of  a  town  where  residences  may  be 
or  are  in  immediate  prospect  of  being  built  alongside  the  road, 
which  will  occasion  much  repassing  of  light  vehicles.  If  a  sufficient 
width  of  macadam  is  to  be  provided  where  passing  is  frequent,  not 
less  than  18  feet  is  required. 

Where  the  traffic  consists  of  much  pleasure  driving,  a  width  of 
not  less  than  16  feet  should  be  made.  Roadways  that  accommodate 
an  amount  of  motor  traffic,  that  necessitates  frequent  passing,  should 
be  not  less  than  18  feet;  in  fact,  it  would  seem  that  due  regard  for 
safety  would  make  the  minimum  width  24  feet. 

With  the  large  mileage  of  unimproved  roads,  and  the  small  amount 
of  money  available  for  their  improvement  in  most  communities,  it 
is  important  at  first  to  build  as  great  a  mileage  as  possible ;  to  which 
end  the  narrowest  road  practicable  should  be  built.  But  not  less 
than  12  feet  is  to  be  advised,  for,  if  the  traffic  can  be  so  directed, 
this  is  sufficient  space  for  it  to  spread  so  as  not  to  bring  all  the  wear 
in  one  track.  Roads  8  feet  wide  have  been  built  and  found  a  failure 
because  of  the  fact  that  the  traffic  was  confined  to  one  track,  so  that 
the  road  actually  wore  faster  and  became  more  expensive  to  maintain 
than  a  wider  road  where  the  traffic  had  room  enough  to  spread  about 
and  not  bring  all  the  wear  in  a  particular  place. 

On  the  construction  of  the  roadbed  hinges  the  success  of  the  road 
covering.  The  roadbed  must  be  firm  and  shaped  true  to  the  cross 
section.  Uneven  places  in  the  roadbed  invariably  appear  in  the  sur- 
face of  the  finished  road.  When  there  is  evidence  of  underground 
water,  as  shown  by  seepy  or  quaky  places,  there  is  but  one  remedy, 
and  that  is  to  remove  the  water  by  tile  under  drainage.  Unless  this 
is  done  the  macadam  is  sure  to  cut  through  as  the  frost  comes  out 
of  the  ground.  The  most  treacherous  places  will  usually  be  found 
on  the  hillsides,  and  careful  inspection  should  be  made  of  all  such 
places  for  signs  of  underground  water.  The  fact  that  a  road  sur- 
face becomes  deep  with  mud  in  wet  weather  does  not  necessarily 
show  that  under  drainage  is  needed.  In  fact,  on  most  of  the  level 
prairie  roads  it  is  not  needed,  but  it  is  sometimes  the  most  efficient 
way  to  take  care  of  troublesome  surface  water.  The  essential  thing 
to  accomplish  under  such  circumstances  is  to  place  the  roadbed  at  a 
sufficient  elevation  to  raise  it  above  the  surface  water  that  may  stand 
in  the  ditches  at  the  roadside. 
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THICKNESS  OF  MACADAM. 

The  thickness  of  macadam  to  be  used  at  any  particul;  iall  be  that 

as  shown  on  the  plans  or  as  indicated  in  writing  by  the  en.  general, 

there  shall  be  three  classes  of  macadam,  known  as  6-inch,  8-iiv-  inch 

construction.  The  thickness  in  each  instance  is  to  be  that  of  the  road  after 
thoroughly  compacting  by  rolling  and  completed  in  accordance  with  the  speci- 
fications herein  contained.  The  thickness,  alter  rolling,  of  the  •.  .rses 
in  each  class  is  to  be  as  follows : 

Class  ist  Course  2nd  Course  3rd  Course 

6-inch  4  inches  2  inches  be  as 

8-inch  5  inches  3  inches  her 

10-inch  6  inches  4  inches  desci 

Each  course  of  broken  stone  is  to  be  applied  as  herein  specit'i 

Note.     The  chief  factor  governing  the  thickness  for  a  macadam 

road  is  the  nature  of  the  soil  in  the  roadbed.  Where  the 
not  change  it  would  not  be  necessary  to  indicate  more  than  one  thick- 
ness. Otherwise,  a  careful  examination  of  the  roads  is  necessary, 
and  the  thickness  determined  for  each  section  should  be  indicated  on 
the  plan.  Experience  has  demonstrated  that  a  thickness  from  eight 
to  ten  inches  is  ample  under  any  condition  where  a  road  can  be  main- 
tained. If  this  thickness  does  not  prove  sufficient,  it  is  evidence  of 
an  improper  foundation,  and  the  remedy  must  be  sought  there.  The 
usual  trouble  is  lack  of  proper  under  drainage.  Where  this  is  pro- 
vided there  need  not  be  any  excessive  thickness  of  road  covering. 
It  has  been  the  writer's  practice  on  clay  and  other  retentive  soils  to 
make  about  an  eight-inch  road ;  that  is,  the  stone  is  spread  in  two 
layers  of  about  five  inches  each,  which  after  rolling  reduces  to  about 
eight  or  eight  and  a  half  inches  in  thickness.  On  sandy  soils,  or 
soils  containing  a  considerable  percentage  of  sand,  which  are  more 
or  less  porous,  and  where  there  is  perfect  under  drainage,  six  inches 
of  macadam  has  been  found  to  be  ample  ;  the  six  inches  being  the 
thickness  after  the  necessary  rolling.  It  would  require  about  eight  to 
eight  and  a  half  inches  of  road  material.  The  nature  of  the  material 
also  affects  to  some  extent  the  amount  of  material  that  would  be 
placed  for  road  covering.  Where  soft  limestone  has  to  be  used  and 
the  wear  is  consequently  faster,  it  is  better  to  provide  an  extra  thick- 
ness of  material. 

CROSS-SLOPE. 

The  cross-slope  for  the  roadbed  is  to  be  as  shown  on  the  accompanying  plans, 
and  is  to  have  a  slope  of  —  inches  to  one  foot. 

Note.  The  amount  of  cross-slope  or  crown  to  be  given  to  a  road 
is  a  matter  of  considerable  difference  of  opinion  among  mad  builders. 
In  general,  it  may  be  said  that  on  a  much  traveled  road,  if  the  traf- 
fic is  distributed,  the  amount  of  cross-slope  need  be  less  than  on  one 
lightly  traveled,  also  the  harder  the  material  the  less  the  slope.  \- 
much  slope  should  be  given  on  level  stretches  as  on  steeper  grades. 

In  some  works  on  road  construction  the  rule  is  laid  down  that 
the  cross-slope  should  be  steeper  on  high  grades  than  on  level 
stretches,  so  that  the  water  will  not  follow  for  any  considerable  dis- 
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tance  in  the  direction  of  the  road,  but  reach  the  gutter  sooner  than 
would  be  the  case  with  less  cross-slope.  While  it  is  true  that  a  cross- 
slope  should  be  maintained  on  high  grades  so  that  the  water  will 
be  carried  as  quickly  as  possible  into  the  gutters,  it  is  essential  that 
the  road  have  an  equally  steep  cross-slope  or  crown  on  level  stretches 
from  the  fact  that  in  these  places  if  a  slight  rut  forms  the  only  outlet 
the  water  has  is  crosswise  of  the  road.  Where  the  crown  is  flat  a 
very  slight  depression  will  be  sufficient  to  keep  the  water  on  the  road. 
These  puddles  of  water  will  soften  the  surface,  and  a  hole  will  soon 
be  formed  which  will  become  deeper  and  larger  at  every  rainfall,  so 
that  quite  as  bad  an  effect  is  produced  as  would  be  the  case  if  an  in- 
sufficient crown  were  used  on  a  steep  grade.  The  theory  that  the 
cross-slope  should  be  more  on  steep  grades  is  correct  for  a  theoret- 
ical road  surface,  but  in  practice  these  theoretic  conditions  are  not  ful- 
filled, and  the  conclusions  drawn  therefrom  will  not  meet  practical 
requirements.  Generally  the  best  results  will  be  obtained  on  country 
roads  with  a  cross-slope  of  one  inch  to  the  foot,  this  to  apply  to  a 
width  of  macadam  up  to  15  feet.  Between  15  and  20  feet  the  slope 
should  van-  from  1  inch  to  1  foot  at  the  sides  to  fy  -inch  for  the  center 
half  of  the  roadway.  Not  less  than  V§  of  an  inch  to  the  foot  should 
be  given  to  a  macadam  surface. 

TELFORD  CONSTRUCTION. 

Telford  construction  is  to  be  used  wherever  directed  by  the  engineer  or 
provided  for  in  the  plans.  The  width  required  at  different  points  is  to  be  that 
designated  by  the  engineer. 

Xote.  Telford  construction  is  much  less  used  today  than  for- 
merlv.  Xearly  all  of  the  old  turnpikes  in  this  country  were  constructed 
with  a  foundation  of  large  stones.  More  recently  some  telford 
construction  has  been  laid,  particularly  in  Xew  Jersey.  In  the  best 
modern  practice,  the  telford  foundation  finds  little  favor.  Quite  as 
efficient,  and  a  much  more  economical  construction,  is  effected  by  a 
layer  of  gravel  or  broken  stone  whenever  the  character  of  the  foun- 
dation requires  an  extra  thick  road  covering.  It  is  a  mistake,  how- 
ever, to  suppose  that  a  more  stable  foundation  is  secured  by  placing 
the  large  pieces  at  the  bottom  of  a  road  covering.  In  case  there 
should  be  any  frost  disturbance  and  consequent  movement  of  the  ma- 
terials forming  the  road  covering  there  is  always  a  tendency  for  the 
larger  pieces  to  work  to  the  surface,  whereas  if  a  layer  of  material 
is  placed  with  the  smaller  particles  at  the  bottom,  subsequent  dis- 
turbances from  any  cause  will  result  in  little  or  no  readjustment  of 
the  relative  positions  of  the  particles 

As  a  telford  foundation  is  usually  expensive  and  exceedingly  dif- 
ficult to  have  laid  properly,  and  does  not  prove  practically  more  ef- 
ficient than  a  cheaper  form  of  construction,  there  is  little  excuse  for 
using  it. 

The  following  specifications  will  illustrate  the  details  of  this  form 
>f  construction. 
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MATERIA! 

The  first  course  of  the  telford  construction  is  to  cons 
with  sharp  corners  broken  to  the  following  dimensions: 
8  inches;  width  from  3  to  6  inches,  and  length  not  exceeding  16  in. 

LAVING. 

Broken  stone  for  the  first  course  of  the  telford  construction  is  not  to  be 
aid  before  the  roadbed  has  been  made  as  specified.  The  pieces  of  stone  are 
to  be  set  by  hand  on  edge  and  la:d  close  ti  ngthwise  across  the  1 

resting  on  the  broadest  edge.     Protruding  corners  are  to  be  broken  off 
the  interstices  filled  with  small  pieces. 

ROLLING. 

After  the  stone  for  the  first  course  has  been  laid  and  bro-ight  to  a  proper 
cross-section,  the  spaces  filled  with  spalls  and  the  layer  made  as  compact  as 
possible,  it  is  to  be  rolled  with  a  steam  roller  weighing  not  le<s  than  ten 
tons.     The  interstices  must  not  be  filled  with  earth. 

UNEVENNESS  OR  DEPRESSIONS. 

Should  any  unevenness  or  depressions  occur  during  or  after  the  rolling 
of  the  first  course,  they  are  to  be  remedied  immediately  bv  broken  stone  and 
rolled  firm. 

THICKNESS. 

The  thicknes-  of  the  first  course  for  telford  construction  is  to  be  8  inches 
when  finished. 

FIRST  COURSE  FOR  MACADAM  CONSTRUCTION. 

Macadam  construction  is  to  be  used  wherever  directed  by  the  engineer  or 
provided  for  in  the  plans.  The  width  required  at  different  points  is  to  be 
that  shown  on  the  plans. 

MATERIAL. 

The  first  course  of  macadam  construction  is  to  consist  of  sound  stone  broken 
to  sizes  varying  from  %  inch  to  i}/2  inches,  no  piece  to  have  a  diameter  greater 
than  il/2  inches. 

No  material  is  to  be  used  which,  in  the  opinion  of  the  engineer,  is  unfit 
for  the  work.  If  any  such  material  is  put  upon  the  road  it  shall  be  removed 
immediately  upon  notice  from  the  engineer,  and  replaced  by  proper  material 
at  the  contractor's  expense. 

Xote.  It  is  not  necessary  that  the  first  or  lower  course  of  a  ma- 
cadam road  should  be  of  the  hardest  or  toughest  material.  The 
purpose  of  the  lower  course  is  to  distribute  the  weight  of  the  traffic 
over  the  earth  foundation,  so  that  wherever  it  happens  that  tough 
material  suitable  for  a  good  wearing  course  is  remote  from  the  pi 
of  construction,  and  consequently  higher  in  price  than  more  acces- 
sible material  which  is  not  so  good,  economy  can  be  effected  ' 
the  poorer  local  material  in  the  foundation  course,  applying  the  bet- 
ter material  to  the  upper  course  only.  A  quality  of  gravel  that  would 
not  make  a  good  road  surface  may  be  used  in  the  first  ike- 

wise  burned  shale ;  in  fact,  any  comparatively  non-absorbent,  endur- 
ing: material  broken  to  a  suitable  size. 
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SPREADING. 

No  broken  stone  is  to  be  spread  before  the  roadbed  has  been  made  as  speci- 
fied. 

The  broken  stone  is  to  be  spread  upon  the  roadbed,  prepared  as  herein 
described,  with  shovels,  from  piles  alongside  the  road  or  from  a  dumping  board, 
or  it  may  be  spread  directly  from  wagons  specially  constructed  for  this  pur- 
pose and  approved  by  the  engineer ;  but  in  no  case  shall  the  broken  stone  be 
dumped  directly  upon  the  roadbed. 

As  soon  as  spread,  the  layer  of  stone  is  to  be  thoroughly  raked  or  harrowed 
with  a  tooth  harrow,  and  finally  trimmed  true  to  the  shape  of  the  cross-section. 

Xote.  It  is  a  well  known  fact  that  a  mass  of  various  sized  pieces 
of  stone  adjusts  itself  when  stirred  or  raked  so  that  the  smallest  sized 
particles  are  at  the  bottom  and  the  largest  at  the  top.  When  this 
conditon  is  attained,  we  have  what  may  be  called  a  stable  equilibrium 
of  the  particles  relative  to  one  another. 

Therefore,  if  we  rake  thoroughly  a  layer  of  stone,  we  shall  adjust 
the  pieces  so  as  best  to  resist  any  disturbing  force.  As  the  roller 
goes  over  a  layer  of  material  thus  assorted  it  tends  to  compact  much 
more  readily,  as  the  larger  pieces  do  not  attempt  to  work  their  way 
through  the  road  surface.  The  arrangement  often  seen  represented 
in  cross  sections,  showing  the  largest  pieces  at  the  bottom  and  the 
smallest  on  top,  is  a  reversal  of  what  it  should  be.  The  stability  of 
such  a  mass  of  material  may  be  compared  to  that  of  a  pyramid 
resting  on  its  apex. 

It  will  be  readily  appreciated  that  if  the  pieces  of  rock  forming  a 
road  surface  have  been  well  compacted,  even  though  the  smaller 
pieces  are  at  the  top,  there  will  not  be  any  relative  movement  of  the 
pieces  of  stone,  except  that  they  are  loosened,  which  will  happen 
when  frost  is  coming  out  of  a  badly  drained  road.  Where  such 
places  are  encountered,  and  there  are  many  instances  of  roads  prac- 
tically impossible  to  drain  properly,  the  road  surface  can  be  main- 
tained much  more  nearly  intact,  if  the  pieces  of  stone  are  arranged 
with  the  smallest  at  the  bottom. 

But  it  is  not  sufficient  merely  to  have  a  layer  of  the  smaller  screened 
stones  as  a  bottom  course  and  a  layer  of  larger  size  on  top.  In  the 
smaller  size  are  pieces  varying  from  ?4  to  i^>  or  2  inches,  according 
to  the  size  of  the  screen.  It  is  then  desirable  that  as  nearly  as  pos- 
sible all  of  the  2-inch  size  be  at  the  top  and  the  other  sizes  arranged 
in  this  order  down  to  the  smallest. 

This  arrangement  can  be  effected  sufficient  for  all  practical  pur- 
poses by  thoroughly  raking  or  harrowing  the  layer  of  stone  after  it 
is  spread. 

There  is  another  object  attained  by  this  method  which  has  always 
been  recognized  as  most  desirable  in  the  construction  of  macadam 
roads,  and  this  is  to  have  the  surface  composed  of  as  nearly  equal 
sized  pieces  as  possible.  As  a  macadam  road  surface  composed  of 
various  sized  pieces  begins  to  show  wear,  it  is  observed  that  the 
largest  pieces  of  rock  protrude,  producing  a  rough  surface. 

The  fact  that  the  larger  the  pieces  of  rock,  the  more  resistant  is 
the  road  surface  to  the  action  of  traffic,  is  another  reason  for  having 
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the  larger  pieces  at  the  surface    There  is,  however,  a  practical  limit 

to  the  size  of  the  pieces  of  rock  for  macadam  construction,  varying 

somewhat  according  to  the  hardness  of  the  r 

the  traffic.     The  soft  limestones  can  be  «  inch 

screen  and  used  successfully  for  the  surface.     Man)   hard  r< 

trap  and  some  granite,  cannot  he  used  s«>  larg 

being  the  largest,  unless  subjected  to  very  heavy  traffic  ;  that 

made  up  of  heavily  loaded  wagons. 

It  has_  also  been  observed  that  a  road  Mir  face  composed  of 
pieces  of  stone  deteriorates  much  more  rapidly  under  action  of  auto- 
mobile traffic  than  when  built  of  larger  sizes.'  While  the  writer 
not  offer  exhaustive  evidence  on  this  point,  all  of  his  observation  ■ 
firms  this  opinion. 

To  sum  up  what  is  gained  by  using  the  smaller  pieces  of  rock  in 
a  layer  at  the  bottom  and  the  largest  at  the  top.  we  have  a  more 
stable  road,  a  more  even,  and  a  more  durable  surface. 

ROLLING. 
After  the  broken  stone  for  the  first  course  has  been  spread  and  raked  or 
harrowed  to  a  uniform  thickness,  and  has  a  proper  cross-section,  it  is  to  be 
rolled  with  a  steam  roller,  weighing  not  less  than  10  tons,  until  it  is  com- 
pacted to  form  a  firm,  smooth  surface.  The  rolling  must  begin  at  the  sides 
and  work  towards  the  center  and  the  rear  wheels  of  the  roller  must  cover  this 
space  thoroughly. 

Xote.  The  strength  of  a  stone  or  macadam  road  depends  entirely 
upon  the  rigidity  with  which  one  piece  of  stone  is  held  against  its 
neighbors.  The  roller  presses  the  piece  of  stone  close  together  so 
that  instead  of  having  a  contact  of  but  one  point  or  one  edge  with  a 
face,  the  faces  of  the  pieces  of  stone  are  brought  together  and  the 
voids  as  they  exist  in  the  loose  material  are  reduced  from  45  per  cent 
or  50  per  cent  to  about  20  per  cent. 

It  is  bad  practice  to  fill  in  the  voids  in  the  stone  with  fine  materia! 
before  rolling,  as  it  prevents  the  pieces  of  stone  being  keyed  firmly 
in  place. 

There  does  not  appear  to  be  any  valid  reason  for  filling  or  bonding 
the  lower  course  of  material  at  all,  and  is  so  much  work  wasted.  A 
roller  should  be  run  slowly,  not  over  two  miles  an  hour.    The  slower 
the  roller  is  run,  the  more  firmly  are  the  stones  compacted.     I 
possible  to  run  a  roller  so  as  to  tear  a  layer  of  stones  to  pieces. 

UXEVEXXESS   OR  DEPRESSIONS. 
Should  any  unevenness  or  depressions  appear  during  or  after  the  rolling  of 
the  first  course,  they  are  to  be  filled  immediately  with  broken  stone  and  re- 
rolled  until  a  firm,  even  surface  is  obtained. 

Xote.  A  depression  in  a  layer  of  macadam  should  be  filled  with 
material  of  the  same  kind  and  size  as  that  composing  the  layer.  If 
a  patch  of  small  material  should  be  added  to  bring  up  the  surface 
composed  of  large  pieces,  the  small  pieces  would  be  ground  under 
traffic,  and  the  depression  would  again  appear.  The  proper  wa 
to  loosen  the  surface  in  the  depression,  add  extra  material  of  the 
same  size,  and  re-roll. 
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THICKNESS. 

The  thickness  of  the  first  course  of  broken  stone,  after  thorough  rolling,  is 
to  be  that  of  the  class  of  macadam  construction  specified  for  any  particular 
place  as  described. 

If,  for  any  reason,  a  greater  thickness  than  specified  is  made  by  the  con- 
tractor, no  extra  allowance  for  such  additional  thickness  will  be  made. 

SHOULDERS. 

After  the  telford  foundation  or  the  first  course  of  broken  stone  or  gravel, 
as  the  case  may  be,  has  been  made  as  herein  described,  earth  shoulders  are 
to  be  constructed  along  each  side  of  the  road  for  a  width  of  at  least  four  feet, 
as  shown  on  the  accompanying  plans. 

Against  these  shoulders  is  to  be  spread  the  broken  stone  for  the  second 
course  as  herein  described.  The  shoulders  are  to  contain  a  sufficient  quantity 
of  earth  so  that  a  smooth  and  continuous  slope  will  be  obtained  after  the 

shoulders  and  second  course  are  rolled.     The  shoulders  with  the feet  of 

stone  will  make  a  total  width  of feet  to  be  shaped  with  a  cross-slope  of 

inches to  i  foot. 

Material  for  the  shoulders  must  be  free  from  roots,  stumps  _  or  other  vege- 
table matter  and  thoroughly  compacted  by  the  roller.  Material  with  such  a 
proportion  of  sand,  as  prevents  it,  when  dry,  from  compacting  readily  under 
the  roller,  is  not  to  be  used. 

No  material  which  is  considered  unfit  for  the  work  by  the  engineer  is  to  be 
used,  and,  where  any  such  is  put  on  the  work  it  shall  be  immediately  removed, 
at  the  contractor's  expense,  upon  notice  by  the  engineer. 

Note.  It  is  important  to  have  the  material  for  the  shoulders  put 
in  place  as  soon  as  the  first  course  is  made,  as  the  shoulders  are  de- 
pended upon  to  hold  the  second  course  of  material  in  place.  The 
shoulders  should  be  shaped  before  they  are  rolled,  so  that  they  will 
be,  depending-  on  the  nature  of  the  material,  from  2  to  3  inches 
higher  than  the  second  course  of  broken  stone ;  and  when  they  are 
rolled  they  will  press  down  even  with  the  surface  of  the  broken  stone. 
As  the  work  progresses,  the  height  that  it  is  necessary  to  keep  the 
shoulders  above  the  broken  stone  so  that  they  will  roll  down  properly, 
is  very  readily  ascertained.  If  it  is  found  that  not  enough  material 
has  been  used,  more  must  be  spread  until  the  shoulders  are  brought 
to  a  proper  shape.  If  the  road  bed  for  the  new  road  has  been  cut 
sufficiently  deep,  it  will  not  be  necessary  to  fill  in  extra  material  for 
the  shoulders.  Where  the  shoulders  are  thus  made,  by  cutting  out, 
it  is  advisable  to  leave  them  a  little  high  at  first,  and  then  pare  them 
down  with  a  road  machine.  After  a  little  experience  a  good  operator 
can  trim  the  shoulders  very  accurately  by  this  method. 

An  excellent  plan  is  to  sow  the  shoulders  with  grass  seed.  The  sod 
forms  a  good  protection  to  the  shoulders,  besides  adding  much  to  the 
appearance  of  the  road. 

BLIND  CROSS  DRAINS. 

Blind  cross  drains  are  to  be  constructed  at  intervals  of  50  feet  on  each  side 
of  the  road  in  the  following  manner :  They  shall  run  approximately  at  right 
angles  to  the  direction  of  the  road  and  shall  be  cut  to  a  sufficient  depth  so  that 
the  water  can  readily  run  from  the  surface  of  the  subgrade  to  the  side  of  the 
road.  They  shall  not  be  less  than  8  inches  in  width.  These  drains  are  to  be 
shaped  just  before  spreading  the  first  course  of  material  and  are  to  be  filled 
with  broken  stone.  These  cross  drains  are  to  extend  to  the  gutter.  The 
stone  in  the.  cross  drains  shall  come  within  3  inches  of  the  finished  surface  of 
the  shoulder. 
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Note.     The  blind  cross  drains  arc  necessary  wherever  the  shoul- 
ders are  made  of  an  impervious  material.    Thes<  . , ■„■ 
ticularly  useful  on  level  stretches  of  the  road  u                       ton   lon- 
gitudinal drainage  is  difficult  to  secure.     Roads  constructed  tin- 
lowlands,  which  may  be  submerged  by  occasional                 hould  ?><■ 
well  provided  with  these  blind  side  drains.     In  such  ii                they 
should  be  put  in  at  intervals  of  about  30  feet.     The  pitch 
to  these  drains  should  be  the  most  thai  ran  be  obtained   from,  the 
surface  of  the  subgrade  to  the  bottom  of  the  gutter.     They 
serve  to  keep  the  shoulder  well  drained,  and  conseqeuntly  firmer  in 
wet   weather.     The   side  drains  are  especially   useful   dm 
struction  to  drain  the  roadbed  rapidly  after  a  rain,  which  easily  pi 
trates  the  loosely  spread  material,  and  softens  the  subgrade  so  that 
work  has  to  be  abandoned  on  that  section  until  it  dries  out. 

SECOND   COURSE   FOR    MACADAM   CONSTRUCTION. 

The  second  course  of  the  macadam  construction  is  to  be  the  same  width 
as  the  first  course. 

MATERIAL. 

The  second  course  is  to  consist  of  stone  broken  to  sizes  varying  from 
3  inches  ;  no  piece  to  have  a  greater  diameter  than  3  inches. 

Unless  otherwise  specified,  the  rock  shall  have  a  "coefficient  of  wear."  as 
determined  by  the  Duval  test,  of  not  less  than  15. 

Xote.  It  should  be  borne  in  mind  that  the  second  course,  or  the 
course  covering  the  foundation  of  cither  macadam  or  telford  con- 
struction, is  the  one  which  must  receive  the  wear  from  the  traffic. 
The  foundation  course  merelv  gives  the  thickness  so  that  the  pres- 
sure of  traffic  may  be  distributed  over  the  natural  earth  roadbed, 
which  supports  the  road  surface.  Therefore,  in  making  specifica- 
tions for  the  second  course  of  material,  its  purpose  should  be  kept 
constantly  in  mind.  Inasmuch  as  the  wear  due  to  the  traffic  is  de- 
pendent on  so  many  different  conditions,  it  will  be  natural  to  expect 
that  which  is  best  in  one  instance  may  not  prove  equally  successful 
in  other  cases. 

The  wear  due  to  traffic  is  of  two  kinds :     That  of  hor-< 
and  that  from  the  grinding  of  wheels.     The-e  produce  different  ef- 
fects on  broken  stone  roads.     Where  the  traffic  is  very  heavy  :  that 
is,  where  the  weight  upon  the  wheels  is  great,  their  pressure  tends 
to  compact  the  stone  firmly,  which  if  it  is  not  of  sufficient  strength, 
will  be  crushed  and  ground  to  dust.    On  the  other  hand,  where  the 
kind  of  traffic  is  lighter,  with  wheel  pressure  comparatively  small. 
there  is  but  little  grinding  or  compression.     Generally  thi^  lighter 
traffic  moves  more  swiftly  so  that  the  effect  produced  by  the  hoi 
hoofs  is  much  more  noticeable.     The  hoofs  of  a  fast  running  h 
hit  the  road  with  a  quick,  hard  blow,  which  has  the  effect  of 
ing  the  particles  of  broken  stone.    As  there  is  little  a  >mpressi<  in  gi 
bv  the  wheels  in  this  class  of  traffic,  tl 

not  pushed  back  into  place,  and  this  results  in  what  is  known  a>>  "rav- 
elin- 
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The  action  of  motor  vehicle  traffic  on  a  macadam  surface  is  far 
more  destructive  than  any  other  to  which  our  roads  are  subjected. 
Careful  observations  made  by  the  Office  of  Public  Roads  at  Washing- 
ton show  that  the  destructive  action  is  almost  wholly  due  to  the  driv- 
ing wheels.  The  scour  or  shear  on  the  road  surface  that  is  produced 
when  heavy  cars  are  driven  at  high  speed  is  sufficient  to  displace  the 
surface  particles  of  the  road  which  are  sucked  up  and  dispersed  in 
clouds  of  dust.  The  stones  in  the  upper  portion  of  the  road  are  bared 
and,  in  time,  loosened.  The  surface  of  the  road,  particularly  in  dry 
weather,  becomes  covered  with  pieces  of  loosened  stone. 

Experience  has  shown  that  different  varieties  of  stone  act  differ- 
ently under  traffic.  Thus,  some  varieties  will  make  a  hard,  firm  road 
if  there  are  many  vehicles  moving  over  the  road ;  while  other  varie- 
ties are  found  to  be  quickly  ground  into  dust  under  similar  conditions 
but  give  good  results  where  the  traffic  is  lighter.  The  heavy  traffic  is 
found  to  require  a  hard,  tough  stone,  with  a  high  power  of  resistance 
to  wear,  and  which  will  require  great  force  to  split.  There  are  few 
varieties  of  rock  which  have  these  physical  properties  that  are  not 
adapted  for  the  surface  of  a  macadam  road  which  will  be  subjected ' 
to  a  large  amount  of  heavy  traffic.  Such  traffic  is  not  usually  found 
on  the  majority  of  country  roads,  or,  if  found,  there  is  seldom  a  suf- 
ficient amount  of  it  to  keep  the  hardest  varieties  of  stone  in  place  un- 
less they  have  a  third  physical  property,  that  of  binding  readily. 
Such  stone  when  ground  to  dust  will  cement  together,  and  this  prop- 
erty is  called  its  cementing  value.  If  this  property  is  wanting  or  ex* 
ists  only  to  a  slight  degree  in  a  rock,  it  will  be  found  practically  use- 
less to  suply  such  material  to  the  ordinary  country  road.  And  in  pro- 
portion as  the  traffic  over  one  road  is  lighter  in  character  than  that 
of  another,  so  too  should  the  cementing  value  of  the  material  used 
in  the  former  case  exceed  that  used  in  the  road  with  heavier  traffic. 

The  road  builder  is  often  confronted  with  the  problem  of  how  best 
to  use  a  comparatively  soft  material  under  conditions  which  require 
the  hardest  variety  of  rock,  or  at  least  where  such  rock  could  be  used 
to  advantage.  The  same  material  can  produce  under  the  same  condi- 
tions quite  different  results  according  to  the  way  it  is  handled.  For 
example,  the  amount  of  wear  which  a  road  can  sustain  can  be  greatly 
increased  by  a  change  in  the  size  of  the  pieces  of  broken  stone  which 
make  up  the  second  or  wearing  course  of  the  road.  A  soft  limestone 
or  other  variety  of  rock  having  a  low  resistance  to  wear  should  be 
broken  in  larger  pieces  than  harder  material  would  be  used ;  that  is, 
the  second  or  wearing  course  should  consist  of  the  larger  sizes,  which 
are  larger  for  softer  varieties  of  stone  than  for  harder  varieties.  A 
soft  variety  of  rock  used  to  best  advantage  may  make  as  durable  a 
road  as  a  harder  variety  of  material  improperly  used. 

It  is,  therefore,  advised  that  all  rocks  which  have  high  cementing 
value  but  small  resistance  to  wear  (that  is,  having  the  coefficient  ac- 
cording to  the  Duval  test  of  less  than  10) ,  should  have  the  two  and 
three-inch  pieces  placed  in  the  second  course.     The  sizes  permitted 
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may  be  slightly  larger  in  all  courses  for  rocks  with  high  cementing 
value  and  low  wearing  qualities.  Thus,  the  crusher  could  be  opened 
wider  and  more  material  put  through  in  a  given  time,  which  would 

cheapen  its  cost,  and,  therefore,  in  a  measure  offset  the  additional  i 
of  maintenance,  which  might  he  necessary  where  a  rather  soft  variety 
of  rock  was  used  with  a  moderately  heavy  traffic. 

The  fact  that  pieces  of  rock  from  two  to  three  inches  in  size  will 
lock  or  key  together  more  firmly  than  one-inch  size  makes  a  surfaci 
composed  of  the  larger  sizes  resist  more  effectively  the  action  of  i 
tomobile  traffic.  In  many  instances  observed  by  the  writer  it  has 
been  noticed  that  the  first  place  to  give  way  has  been  where  there 
evidently  has  been  a  cluster  of  finer  particle-. 

Reference  has  been  made  to  the  Duval  and  othr  test-  of  road  ma- 
terial. It  is,  perhaps,  sufficient  here  to  say  that  a  full  description  and 
discussion  of  the  tests  are  found  in  the  bulletins  of  the  Office  of  Pub- 
lic Roads,  Washington,  D.  C.  which  may  be  had  on  application.  Tin 
road  builder  is,  however,  not  often  given  an  opportunity  to  make 
much  of  a  selection  of  materials;  he  must  use  what  is  at  hand  and 
make  the  best  of  it ;  so  that  there  is  but  a  limited  field  of  application 
for  the  deductions  from  the  refined  methods  of  the  laboratory.  Bui 
even  with  a  single  source  of  material,  it  is  valuable  to  have  thorough 
laboratory  tests  made,  which  should  be  compared  carefully  with  the 
practical  service  tests,  as  it  is  only  by  such  comparisons  that  intelli- 
gent interpretation  of  the  laboratory  results  are  possible.  Occasional 
tests  will  detect  any  variation  in  the  rock  used  ;  they  also  give  valuable 
information  as  to  what  part  of  a  quarry,  not  uniform  in  its  rock, 
yields  the  best  material  for  this  service. 

SPREADING. 

The  broken  stone  for  the  second  course  is  not  to  be  spread  before  the  foun- 
dation or  first  course  has  been  completed  and  shoulders  made  as  herein  speci- 
fied. 

The  broken  stone  is  to  be  spread  upon  the  first  course,  prepared  as  herein 
described,  with  shovels  from  piles  alongside  the  road  or  from  a  dumping 
board,  or  it  may  be  spread  directly  from  wagons,  especially  constructed  for 
this  purpose  and  approved  by  the  engineer;  but  in  no  case  shall  the  broken 
stone  be  dumped  in  piles  directly  upon  the  first  course  unless  it  is  entirely 
rehandled. 

As  soon  as  spread,  the  layer  of  stone  is  thoroughly  raked  or  harrowed  with 
a  tooth  harrow,  and  finally  trimmed  true  to  the  shape  of  the  cross-secti<m. 

Xote.  The  object  of  having  the  stone  spread  in  the  manner 
specified  above  is  to  secure  a  uniform  amount  of  stone  for  any  given 
area;  so  that  when  compacted  by  the  roller  it  will  compress  evenly 
at  all  points  and  no  humps  will  be  formed,  as  will  be  the  case  it  the 
stone  is  dumped  in  a  pile  from  a  wagon  and  raked  outwards  in  all 
directions  until  apparently  spread  to  the  required  thickness.  For  in 
the  center  of  every  pile  of  stone  so  dumped  there  is  a  core  formed 
where  the  pieces  have  been  more  closely  jammed  together  by  the 
weight  of  other  pieces  on  top  of  them,  so  that  when  tin-  roller  pa 
over  the  stone  there  will  be  formed  little  mounds  wherever  these  com- 
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pacted  cores  were  made,  which  no  amount  of  rolling  will  efface.  It 
may  not  be  practicable  to  have  the  stone  dumped  at  the  side  of  the 
road  or  to  have  a  dumping  board  at  hand,  and  it  would  then  be  neces- 
sary to  permit  the  second  course  of  stone  to  be  dumped  upon  the  first 
course,  in  which  case  care  should  be  taken  to  have  the  pile  of  stone 
raked  or  shoveled  over  so  as  to  loosen  all  parts  of  it  equally. 

ROLLING. 

After  the  broken  stone  for  the  second  course  has  been  spread  to  a  uniform 
thickness,  and  has  a  proper  cross-section,  it  is  to  be  rolled  with  a  steam  roller 
weighing  not  less  than  ten  tons  until  it  is  compacted  to  form  a  firm,  smooth 
surface. 

The  rolling  is  to  begin  at  the  sides,  the  shoulders  first  being  rolled  firm. 
When  completed  the  surface  of  the  shoulders  and  of  the  second  course  of 

broken  stone  should  be  smooth  and  continuous  with  a  cross  slope  of 

inches  to  I  foot. 

If  any  unevenness  or  depressions  appear  during  or  after  the  rolling  of  the 
second  course,  either  on  the  surface  of  the  shoulder  or  the  broken  stone, 
suitable  material  shall  be  added  to  remove  all  such  unevenness  or  depressions, 
earth  being  used  on  the  shoulders  and  stone  for  the  broken  stone  surface. 

THICKNESS. 

The  thickness  of  the  second  course  of  broken  stone,  after  thorough  rolling, 
is  to  be  that  of  the  class  of  macadam  construction,  specified  for  any  particular 
place,  as  described  under  6-inch,  8-inch,  and  io-inch  macadam.  On  a  telford 
foundation  the  thickness  shall  not  be  less  than  4  inches. 

If  for  any  reason  a  greater  thickness  than  specified  is  made  by  the  con- 
tractor no  .extra  allowance  for  such  additional  thickness  will  be  made. 

Note.  The  second  course  must  be  rolled  until  every  particle  of 
stone  has  been  wedged  firmly  against  its  neighbors.  Satisfactory 
results  cannot  be  obtained  if  too  great  a  thickness  of  stone  is  rolled 
at  once.  Not  over  6  inches  measured  loose  should  be  attempted. 
There  are  many  varieties  which  will  not  compact  readily,  and  give 
great  trouble  in  rolling.  Xo  specific  directions  can  be  given  which 
will  prove  applicable  in  every  case.  If  the  conditions  are  such  as 
to  make  it  imperative  to  use  material  in  which  there  is  considerable 
mica,  it  will  usually  be  found  necessary  to  sprinkle  it  lightly  with 
sand  and  water  to  prevent  the  stone  creeping  as  the  roller  passes 
over  it.  Frequently  poor  results  are  caused  by  attempting  to  oper- 
ate the  roller  at  too  great  a  speed,  for  material  which  is  hard  to 
manage  may  often  be  easily  handled  by  reducing  the  speed  of  the 
roller  to  a  rate  of  about  one  mile  an  hour.  It  may  sometimes  be 
necessary,  even  then,  to  use  a  little  sand  or  stone  screenings  to  hold 
the  material  in  place  so  that  the  pieces  of  stone  will  be  compacted 
and  not  grind  one  another  into  rounded  fragments.  But  little  trouble 
of  this  sort  is  experienced  with  the  softer  varieties  of  rock.  The 
danger  in  such  cases  is  that  the  road  may  be  rolled  too  much.  This 
can  be  readily  told  by  watching  the  pieces  of  stone  on  the  surface; 
if  they  are  being  crushed  or  broken,  the  rolling  should  not  be  con- 
tinued.   This  applies  particularly  to  the  softer  varieties  of  limestone. 

It  is  necessary  in  shaping  up  whatever  uneven  places  may  appear 
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to  use  material  of  exactly  the  same  character  as  that  of  which  the 
surface  is  composed.  The  earth  should  be  filled  up  with  earth,  and 
broken  stone  with  broken  stone  of  the  same  size.  If  th< 
is  so  slight  that  a  single  thickness  of  the  broken  s 
the  way  to  fill  such  a  depression  is  to  loosen  the  surface  all  about  it 
and  add  a  small  amount  of  broken  stone,  and  then  roll  the  whole 
down.  A  little  experience  will  soon  show  about  how  much  higher 
the  loosened  portion  should  he  in  order  to  roll  down  to  the  required 
surface. 

THIRD  COURSE  FOR  MACADAM  OR  TELFORD  CONSTRUCTION. 

The  third  course  of  macadam  or  telford  construction  is  to  consist  of  rock 
screenings  varying  from  dust  to  one-inch  pieces.  The  screenings  are  to  contain 
all  of  the  dust. 

Xote.  If  the  material  of  which  the  screenings  are  made  (which 
would  usually  be  the  same  as  that  of  the  second  course)  is  extremely 
hard,  that  is,  has  a  Duval  co-efficient  of  wear  of  20  per  cent  or  over, 
the  size  of  the  largest  pieces  should  not  be  over  a  half  inch.  If  softer 
material  is  used,  the  screenings  may  contain  pieces  as  large  as  one 
inch  in  diameter. 

The  screenings  from  some  varieties  of  rock  are  extremely  difficult 
to  work  properly  :  that  is.  they  do  not  seem  to  bind  together  and.  after 
rolling,  when  dried  out,  loosen  and  do  not  hold  the  surface  of  the 
road  as  it  is  desired.  For  example,  there  are  some  crystalline  lime- 
stones, a  number  of  which  are  found  in  this  state,  particularly  the 
stone  at  the  State  Prison  used  by  the  State  Highway  Commission, 
which  do  not  bind  with  any  facility.  The  laboratory  tests  also  show 
it  deficient  in  cementing  quality.  It  is  found,  however,  that  when  this 
dust  is  combined  with  silica  the  combination  produces  a  material 
which  binds  very  much  better  than  either  one  alone.  This  fact  was 
observed  on  roads  which  had  been  sprinkled  with  a  light  covering 
of  gravel  or  coarse  sand.  An  investigation  in  the  laboratory  combin- 
ing silica  with  such  limestone  dust  also  showed  an  increase  in  cement- 
ing power.  In  all  of  the  construction  carried  on  by  the  State  High- 
way Commission  the  past  year  we  have  advised,  where  the  material 
from  the  Joliet  prison  has  been  used,  that  it  be  bonded  with  a  thin 
layer  of  fine  gravel  or  very  coarse  sand:  where  this  has  been  done 
the  result  has  been  very  much  more  satisfactory  than  where  roads 
were  built  using  the  natural  rock  screening-  alone. 

SPREADING  SCREENINGS. 

After  the  second  course  of  stone  has  been  rolled  and  completed  as  specified, 
the  screenings  are  to  be  spread,  but  in  no  case  are  screenings  to  be  used  until 
the  second  course  has  been  thoroughly  rolled  and  compacted.  The  screenings 
are  to  be  spread  dry  with  shovels  from  piles  along  t'  r  from  dump- 

ing boards,  but  in  no  case  are  the  screenings  to  be  dumped  directly  on  the 
second  course.  The  quantity  of  screenings  used  is  to  be  such  as  will  just 
cover  the  second  course. 
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Xote.  There  usually  seems  to  be  a  strong  inclination  to  put  on 
screenings  too  thick  or  too  much  at  one  time.  The  road  surface  ap- 
parently is  finished  quicker  and  with  less  work  where  a  layer  of 
screenings  from  three-quarters  to  one  and  a  half  inches  thick  is 
spread  at  one  time. 

Where  it  is  desirable,  as  on  park  roads,  to  have  a  soft  surface,  a 
greater  layer  of  screenings  may  eventually  be  placed,  as  such  roads 
naturally  receive  or  are  expected  to  receive,  constant  attention,  and 
can  thus  be  maintained  in  good  condition.  In  general,  however,  it  is 
a  safe  rule  to  use  as  few  screenings  as  possible.  A  road  with  too 
much  screenings  will  have  a  deadened  sound  as  vehicles  move  over  it. 

WATERING  AND  ROLLING. 

After  the  screenings  are  spread  they  are  to  be  sprinkled  with  water  from  a 
properly  constructed  sprinkling  cart,  and  then  rolled  with  a  steam  roller 
weighing  not  less  than  ten  tons.  The  amount  of  water  necessary  is  to  be 
determined  by  the  engineer.  The  rolling  is  to  begin  at  the  sides  and  to  con- 
tinue until  the  surface  is  hard  and  smooth  and  shows  no  perceptible  tracks 
from  vehicles  pasing  over  it. 

If,  after  rolling  the  screenings,  the  stone  appears  at  the  surface,  additional 
screenings  shall  be  used  in  such  places. 

The  rolling  and  watering  shall  continue  until  the  water  flushes  to  the  sur- 
face. The  rolling  is  to  extend  over  the  whole  width  of  the  road  including 
the  shoulders. 

Note.  The  best  results  are  invariably  obtained  if  the  screenings 
are  first  wet  and  then  rolled.  Often  it  will  be  impracticable  to  get 
a  sufficient  supply  of  water  to  the  road  for  this  purpose,  in  which 
case  the  screenings  may  be  spread  and  the  road  used  as  little  as 
possible  until  a  shower  does  the  sprinkling.  As  soon  as  it  is  possible, 
either  during  the  shower  or  immediately  after,  the  rolling  should 
be  started,  and  continued  until  the  surface  of  the  road  has  become 
practically  impervious  to  water.  Where  it  is  necessary  for  the  road 
to  be  used  as  soon  as  the  screenings  are  spread,  and  it  is  impossible 
to  water  them,  they  may  be  partially  rolled  dry  and  then  another 
layer  of  screenings  spread.  This  excess  of  screenings  will  make  the 
n>ad  somewhat  more  dusty  or  muddy,  according  to  the  weather, 
and  the  surface  will  require  more  careful  watching  than  is  the  case 
where  the  screenings  are  sprinkled  before  rolling.  Care  should 
also  be  taken  not  to  drench  the  screenings  at  first,  as  the  water  will 
go  immediately  through  the  loose  stone  of  the  road  into  the  founda- 
tion, softening  it,  and  rolling  will  have  to  be  suspended  until  it  dries 
out.  The  first  sprinkling  should,  therefore,  be  light — merely  enough 
to  permit  the  dust  to  bind  or  cake  together.  The  screenings  should 
be  added  a  little  at  a  time  so  that  they  will  fill  all  interstices  thor- 
oughly, but  not  form  a  crust  on  the  road,  which  is  liable  to  disinte- 
grate and  peel  off.  As  soon  as  the  interstices  are  thoroughly  filled 
with  the  screenings,  and  consequently  made  impervious  to  water,  the 
sprinkling  may  be  heavier  than  at  first.  Where  the  roadbed  is  on  a 
gravelly  or  sandy  soil  which  is  naturally  well  drained,  but  little  dam- 
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age  will  result  from  copious  sprinkling;  but  where  the  roadbed  is  on 
a  clay  soil  care  must  be  exercised  if  the  foundation  is  to  be  kept  firm 
enough  to  support  the  roller  without  jamming  the  broken  stone  into 
the  earth,  which  would  result  in  an  uneven  place  in  the  road-surface. 

UNEVENNESS  AND  DEPRESSIONS. 

If  any  unevenness  or  depressions  appear  in  the  road  surface  after  rolling 
the  screenings,  broken  stone  and  screenings  shall  be  used  until  they  are  re- 
moved and  the  finished  surface  conforms  to  the  proper  cross  section,  as  shown 
on  the  accompanying  plans,  and  presents  a  smooth,  even  appearance. 

Note.  The  following  directions  concerning  the  application  of 
screenings  were  prepared  by  the  writer  for  the  use  in  the  work  i  »f 
the  Illinois  Highway  Commissioin : 

Screenings  must  not  be  dumped  directly  on  the  broken  stone  but 
must  invariably  be  placed  at  one  side  of  the  roadway. 

The  shoulders  must  be  shaped  and  rolled  for  two  or  three  feet 
from  the  edge  of  the  stone,  the  surplus  earth  then  being  graded  off 
towards  the  gutter  and  the  shoulders  re-rolled,  not  less  than  five  feet 
where  conditions  will  permit.  This  will  make  a  firm,  smooth  space 
on  which  to  deposit  the  loads  of  screenings. 

The  last  course  of  stone  must  be  thoroughly  rolled  until  the  stone 
has  compacted,  and  each  piece  is  in  contact  firmly  so  that  the  stone 
does  not  jar  or  move  when  wagons  go  over  it.  When  the  stone  is 
thus  firmly  packed,  the  screenings  are  to  be  spread,  not  by  shovelfuls 
in  a  place  but  by  having  each  shovelful  spread  parallel  with  the  road 
from  a  square  point  shovel  over  the  greatest  area  posible.  The  first 
application  should  be  just  enough  to  fill  the  interstices  between  the 
stones.  The  screenings  should  then  be  very  lightly  sprinkled.  Where 
the  screenings  have  been  washed  down  between  the  stones,  a  very 
light  additional  layer  of  screenings  should  be  put  on.  Then  have  the 
roller  pass  over  the  work,  beginning  at  the  edges  and  working  to- 
wards the  center,  once  over  every  part.  Where  necessary,  add  more 
screenings  and  again  roll. 

If  a  gravel  binder  is  used,  see  that  the  screenings  fill  the  inter- 
stices only  partly,  then  spread  on  some  of  the  gravel  binder.  After 
the  first  rolling,  put  on  where  necessary  more  binder,  and  then  sprinkle 
lightly. 

The  screenings  or  binder,  after  this  sprinkling,  may  stick  to  the 
wheels,  and  it  is  better,  therefore,  to  do  this  sprinkling  the  last  thing 
at  night,  and  roll  the  road  in  the  morning.  After  this  rolling,  and 
adding  what  binder  may  be  necessary  here  and  there,  the  road  will 
probably  be  sufficiently  water  tight  so  that  more  water  and  binder 
may  be  added.  As  soon  as  the  road  becomes  water  tight  it  should 
be  well  sprinkled,  if  possible,  having  the  water  play  on  the  roller 
wheels.  The  screenings  or  binder  must  be  placed  on  the  road  and 
that  part  of  the  road  finished  immediately  and  traffic  blocked  off  until 
the  road  has  taken  on  a  set. 

Unless  the  work  is  done  in  this  way,  it  will  be  found  that  the  road 
when  partly  screened,  and  travel  allowed  to  go  upon  it,  will  become 
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loosened.  The  screenings  will  get  between  the  stones  and  entirely 
surround  many  of  the  pieces  of  stone  in  the  top  of  the  road.  Where 
this  happens,  it  will  be  found  that  they  will  easily  pick  out.  This  ex- 
plains why  it  is  that  we  find  occasionally  patches  here  and  there 
where  the  stone  picks  out  readily  after  we  have  finished  the  road. 

Travel  over  broken  stone  before  the  screenings  are  added  does  no 
particular  harm,  but  screenings  must  not  be  put  on  crushed  stone  that 
is  loose,  and  after  screenings  are  placed,  that  part  of  the  work  must 
be  finished  immediately  before  allowing  any  other  travel  to  come 
upon  it. 

PRICE  PAID  FOR  MACADAM  OR  TELFORD  CONSTRUCTION. 

The  price  herein  agreed  upon  to  be  paid  for  macadam  or  telford  construc- 
tion is  to  include  all  work  and  materials  necessary  to  do  the  work  as  herein 
specified. 

Note.  There  are  two  methods  of  payment  for  macadam  work  in 
general  use.  One  is  by  the  cubic  yard  or  ton  for  broken  stone ;  the 
other  bv  the  square  yard  or  unit  of  surface  of  finished  road  of  a 
given  thickness.  The  advantages  of  the  unit  quantity  method — that 
is,  payment  by  the  cubic  yard  or  ton  of  broken  stone  used,  are  pay- 
ment for  material  actually  used,  and  no  inducement  for  the  con- 
tractor to  skimp  the  work.  The  advantages  of  payment  by  the  unit 
surface  measurement  are  ease  of  ascertaining  the  amount  of  work 
to  be  paid  for,  and  the  throwing  of  all  responsibility  for  improper 
construction  of  the  roadbed  upon  the  contractor,  who  must  supply 
at  his  own  expense  any  extra  material  that  may  be  necessary  to  bring 
the  road  to  a  proper  surface  through  any  lack  of  care  in  the  con- 
struction of  any  portion  of  the  road. 

By  either  method,  careful  supervision  is  important  though  it  is  not 
so  necessary  to  have  an  inspector  as  constantly  on  the  work  when 
paid  for  by  the  surface  unit  as  by  the  quantity  unit.  In  the  latter 
instance  someone  must  be  at  hand  to  note  every  load  of  stone  which 
is  placed  on  the  road,  and  to  see  that  every  load  of  stone  credited 
to  the  contractor  is  actually  employed  on  the  work. 

On  the  other  hand,  by  the  unit  surface  measurement  method,  it 
is  necessary  to  be  on  the  constant  watch  to  see  that  an  unscrupulous 
contractor  does  not  put  in  a  less  amount  of  material  than  the  speci- 
fications require.  There  is,  however,  a  very  good  safeguard  against 
this  as  the  road  can  be  dug  up  occasionally  and  measured  to  ascertain 
that  the  proper  thickness  has  been  made. 

The  measurement  of  broken  stone  by  the  cubic  yard  or  wagon 
leads  to  constant  trouble  in  securing  a  full  loaded  wagon.  There  is 
also  the  question  as  to  where  a  wagon  load  should  be  measured.  If 
the  specifications  call  for  a  cubic  yard  of  broken  stone  deliveerd  upon 
a  road,  the  contractor  must  estimate  how  much  shrinkage  there 
will  be  in  a  load  of  stone  due  to  settlement  from  jarring  received 
in  traveling  to  the  work.  The  amount  of  settlement  will  necessarily 
vary  with  the  distance  of  the  haul  and  roughness  of  the  road.  This 
makes  the  actual  amount  of  material  to  be  furnished  by  the  con- 
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tractor  somewhat  indefinite;  so  that,  unless  it  is  possible  to  we 
the  broken  stone,  the  unit  surface  measurement  is  advised. 

The  results  from  a  series  of  tests  conducted  by  the  writer  to  deter- 
mine what  is  the  settlement  of  crushed  stone,  and  what  is  the  conse- 
quent weight  of  a  cubic  yard  of  crushed  stone  under  differer, 
tions,  will  be  found  in  the  report  of  the  Illinois  Highway  Commission 
for  1906,  page  75.  These  tests  show  that  there  is  a  variation  accord- 
ing to  the  method  of  loading  the  wagon,  whether  the  stone  ■ 
dumped  from  a  considerable  distance  or  merely  shoveled  into  the 
wagon ;  that,  after  hauling  for  eight  or  nine  hundred  feet,  about  all 
the  settlement  that  had  occurred  had  taken  place ;  that  the  variation 
in  the  weight  of  a  cubic  yard  seemed  to  be  from  2.400  to  2,600 
pounds ;  that  is,  a  cubic  yard  weighed  2,400  pounds  before  the  set- 
tlement occurred,  and,  after  the  wagon  had  gone  over  the  road, 
weighed  about  2,600  pounds. 

There  was  also  a  large  number  of  observations  made  on  the  settle- 
ment of  limestone  in  carload  lots,  the  amount  of  settlement  corre- 
sponding with  that  observed  in  wagon-loads.  As  a  result  of  these 
tests,  the  Commission  adopted  the  arbitrary  value  of  2,500  pounds 
as  the  weight  of  a  cubic  yard  of  crushed  limestone.  The  limestone 
on  which  these  tests  were  made  has  a  specific  gravity  of  about  2.70. 

The  per  cent  of  voids  in  a  yard  of  crushed  stone  varied  according 
to  the  method  of  loading  or  the  height  from  which  the  stone  was 
dropped.  When  dropped  from  20  feet  the  voids  in  3-inch  stone  was 
41.8  per  cent,  varying  to  48.7  per  cent  when  loaded  with  shovels. 
The  1  J-2-inch  size  showed  a  variation  of  42.5  per  cent  to  50.5  per  cent. 
The  % -inch  size  or  screenings  showed  a  variation  in  voids  of  39.4 
per  cent  to  44.6  per  cent,  so  that  it  is  evident  that  there  is  only  one 
way  in  which  to  buy  crushed  stone,  and  that  is  by  weight.  We  could, 
of  course,  assume  arbitrarily  so  many  pounds  as  being  a  cubic  yard, 
which  would  be  near  enough,  perhaps,  to  make  estimates  for  quan- 
tities where  the  cubic  yard  is  the  unit  measure. 

The  writer  has  usually  preferred  the  unit  surface  measurement  as 
the  basis  of  payment  as  the  more  satisfactory  for  the  conditions 
usually  encountered  in  country  road  building. 

Discussion. 

President  Loweth:  What  kind  of  stone  is  usually  considered 
the  best  for  macadam  road  construction?  Trap  rock,  granite,  and 
limestone  are  mentioned ;  but,  assuming  that  all  of  these  are  equally 
available,  in  what  order  should  preference  be  given? 

Mr.  Johnson:  Where  it  is  possible  to  make  a  choice,  the  kind 
of  stone  to  be  used  depends  upon  the  traffic.  I  recall  an  experience 
with  a  road  in  Nantucket  where  trap  rock  was  used.  There  was 
not  enough  traffic  to  keep  so  hard  a  material  in  place;  wherea 
much  softer  limestone  held  in  excellent  shape,  so  that  in  this  in- 
stance a  softer  rock  was  found  to  be  better. 

Whatever  kind  of  rock  is  used  it  must  possess  a  certain  amount 
of  binding  quality  that  will  assure  us  it  will  hold   its  place  after 
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the  road  is  completed.  I  do  not  believe,  however,  it  is  possible 
to  determine  absolutely  what  is  the  best  material  until  all  condi- 
tions are  known. 

Mr.  F.  M.  Button:  What  can  be  done  to  repair  an  ordinary 
macadam  country  highway  that  was  laid  but  never  rolled,  and  which 
has  become  full  of  ruts  ? 

Mr.  Johnson:  We  usually  loosen  the  surface,  put  in  enough 
material  to  even  the  shape  of  the  road,  and  then  roll  it.  I  am 
not  sure  but  that  it  would  be  cheaper  in  the  end  first  to  put  ma- 
terial on  loosely  and,  if  rolled  at  all,  roll  but  very  little,  allowing 
the  traffic  to  go  over  it  for  a  time  and  make  what  it  will  out  of  it. 

The  traffic  will  of  course  stir  the  material  up  until  the  larger 
pieces  come  to  the  top,  and  when  the  road  is  finally  compacted  it 
will  be  very  solid. 

The  next  spring  loosen  the  surface,  add  some  more  material,  roll 
it,  and  we  shall  not  have  the  same  difficulty  from  ruts.  The  new  sur- 
face will  wear  better  than  roads  that  have  been  built  from  the 
ground  up.  The  explanation  is  that  the  vehicles  over  that  road 
will  compact  the  material  firmly  where  the  ruts  usually  form,  so 
that  thereafter  no  ruts  will  form  due  to  the  compression  of  the 
layer  of  stone  under  the  wheel  track.  If  only  a  small  amount  of  ma- 
chinery is  available,  it  might  be  worth  while  to  let  the  traffic  take 
care  of  the  road  at  first  and  use  the  roller  chiefly  in  re-surfacing 
after  the  road  has  gone  through  the  first  winter. 

Mr.  E.  N.  Layficid,  m.w.s.e.  :  The  Chicago  Terminal  Transfer 
R.  R.  Co.  has  done  some  macadam  work  in  connection  with  track 
elevation  work,  and,  I  am  sorry  that  we  did  not  have  the  advan- 
tage of  having  Mr.  Johnson's  paper  before  the  work  was  started. 
It  might  be  of  some  interest  for  me  to  refer  to  one  or  two  points 
in  connection  with  one  method  of  handling  it. 

The  roadbed  had  been  lying  there  for  a  year,  and  it  was  suffi- 
ciently hard  to  make  it  unnecessary  to  roll  it.  The  conditions  were 
such  that  we  could  lay  a  track  on  this  street  and  we  unloaded  twelve 
inches  of  blast  furnace  slag  on  it.  Our  choice  of  material  was 
influenced  by  a  number  of  reasons,  the  principal  one  being  the 
availability  of  the  slag  at  a  proper  price.  We  put  twelve  inches  of 
it  on  the  roadbed  and  covered  that  with  sand,  in  which  there  was 
a  little  clay.  This  we  got  from  one  of  our  sand  pits,  and  it  made 
an  excellent  binder.  This  was  rolled  very  thoroughly  with  a  ten- 
ton  steam  roller.  The  conditions  were  favorable,  because  we  had 
our  own  cars  and  could  run  them  on  the  work.  After  the  slag 
and  clay  binder  were  rolled  to  our  satisfaction  we  brought  in  on 
our  cars  the  stone,  which  ran  from  2  to  2~y2  inches  in  size.  All 
this  material,  was  brought  in  on  100,000  pound  cars  with  swinging 
sides,  so  it  could  be  unloaded  very  economically.  This  stone  was 
unloaded  beside  the  track  and  it  was  necessary  to  place  it  in  piles, 
which,  under  the  circumstances,  could  not  very  well  be  avoided. 
After  we  unloaded  the  stone  along  the  track  as  high  as  we  could, 
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in  order  to  get  the  cars  out,  we  ran  a  Jordan  spreader  through  it 
and  spread  the  material  to  a  width  of  sixteen  feet.  This  of  course 
did  not  give  the  thickness  required  for  the  work;  we  made  that 
four  inches.  We  used  brick>.  turned  them  on  edge  and  leveled 
the  stone  off  to  the  top  of  the  bricks,  the  top  of  the  slag  being  i 
smooth  and  neat.  After  we  had  a  four-inch  course  spread,  we 
placed  limestone  screenings  on  top  of  that,  putting  them  on  \ 
thin,  and  we  had  the  men  throw  additional  screenings  from  pile- 
along  the  track  into  the  places  where  it  worked  down,  as  the 
roller  went  over  it.  We  got  a  very  smooth  surface  without  any 
excess  screenings  on  top. 

A  Visitor:  Did  I  understand  you  to  say  that  the  cost  of  main- 
taining a  road  is  about  $90.00  per  mile  per  year? 

Mr.  Johnson:  It  is  very  difficult  to  say  what  the  maintenance 
cost  will  be  as  we  have  so  little  exact  data  to  work  upon,  but  1 
believe  $50.00  to  $75.00  per  mile  should  be  ample  on  an  aver. 

Mr.  Button:  What  is  the  average  cost  per  mile  of  a  road,  say, 
12  feet  in  width  and  8  inches  in  thickness? 

Mr.  Johnson:  An  8-inch  road  contains  practically  3200  ton-  per 
mile  of  limestone,  showing  the  cost  of  our  material ;  that  fixes  this 
portion  of  the  expense.  The  labor  cost,  where  the  stone  is  shipped 
by  rail,  of  unloading  material,  hauling,  spreading,  and  doing  all 
incidental  work,  should  average  inside  $2000.00  a  mile  where  the 
haul  does  not  average  over  a  mile.  We  have  built  roads  for 
$1600.00  to  $1700.00  per  mile.  On  the  other  hand,  if  the  shipments 
are  irregular  and  there  are  delays  from  different  causes,  the  cost 
has  risen  as  high  as  $3000.00,  as  it  was  impossible  under  these 
conditions  for  the  work  to  proceed  to  advantage. 

Mr.  Miles  E.  Nixon:  In  the  second  paragraph  of  specifications 
(Roadbed)  there  is  a  statement  "if  sandy  or  other  soil  be  encount- 
ered, which  will  not  compact  readily  under  the  roller,  a  small  amount 
of  clay  or  other  means  should  be  used  until  a  firm,  hard  surface 
is  obtained  after  rolling."  I  would  ask  Mr.  Johnson  what  other 
means  we  have  to  accomplish  this  result. 

Mr.  Johnson:  In  one  instance  I  know  that  $750.00  per  mile, 
was  spent  for  cotton  cloth,  which  was  laid  upon  the  sand.  Straw 
also  can  be  used  for  the  same  purpose.  The  object  is  to  hold  the 
sandy  foundation  in  position  long  enough  to  permit  a  layer  of 
stone  to  be  placed  and  rolled,  after  which  there  is  no  further  diffi- 
culty. 

Mr.  Nixon:  It  is  said  that  in  many  case.-,  the  limestone  used 
from  the  Joliet  neighborhood,  would  not  properly  bond  but  could 
be  made  to  do  so  by  the  addition  of  sand  or  -ravel.  Is  it  not 
generallv  accepted  that  this  bonding  is  due  to  hydration  and  per- 
haps some  other  disturbance  of  atomic  arrangement?  I  do  not  un- 
derstand how  silica  can  produce  or  augment  this  change. 

Mr.  Johnson:     So  far  a-  I  know.  I  do  not  understand  that  1 
ists  have  been  able  to  find  definitely  the  cause  for  tin-  phenomenon. 
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which,  however,  is  a  fact.  The  Joliet  limestone  has  this  peculiar 
quality.  It  will  at  first  set  and  the  bond  appear  to  be  all  right  but 
the  next  considerable  rain  will  loosen  the  screenings,  which  ap- 
parently slack,  and  the  bond  is  lost ;  while  with  material  which 
bonds  properly,  the  next  rain  will  make  it  bond  all  the  better.  The 
same  thing  has  been  noted  in  the  laboratory  in  connection  with  tests 
made  from  certain  kinds  of  stone.  Some  stood  the  treatment 
of  placing  in  water  while  others  would  collapse.  The  Joliet  lime- 
stone when  mixed  with  sand  or  fine  gravel  bonds  extremely  well. 
A  more  detailed  discussion  of  this  phase  of  the  work  can  be  found 
in  the  bulletins  of  the  U.  S.  Office  of  Public  Roads. 

Mr.  D.  W .  Roper,  m.w.s.e.  :  I  would  ask  if  there  is  any  great 
difference  in  the  quality  of  the  several  varieties  of  stone  available 
in  this  state  and,  if  so,  which  are  the  better? 

Mr.  Johnson:  There  are  comparatively  few  varieties.  Around 
Rockford,  they  are  using  a  limestone  which  has  a  certain  amount  of 
silica  in  it.  That  material  with  very  little  rolling,  will  make  a 
better  road  than  some  of  our  other  limestones  when  well  rolled. 

In  the  State  quarry  at  Joliet  we  are  now  down  about  40  feet,  and 
have  gone  through  five  distinct  layers,  which  appear  different  on 
the  roads  and  also  in  the  laboratory  tests.  So  far  as  wearing  qual- 
ities go,  the  tests  show  they  are  not  very  dissimilar,  but  there  is 
a  great  difference  as  to  the  bonding  quality.  Some  of  the  limestones 
will  not  bond  together  while  others  make  an  excellent  road  with 
very  little  trouble. 

In  the  extreme  southern  part  of  the  state,  are  vast  quantities 
of  novaculite,  which  is  extremely  hard  and  brittle.  It  makes,  how- 
ever, a  very  good  road,  and  has  been  shipped  extensively  for  use 
on  roads  about  Jackson,  Tenn. 

President  Loz^eth:  I  think.  Mr.  Johnson,  we  would  all  be  glad 
if  you  would  give  us  a  brief  resume  of  the  work  of  the  Illinois 
State  Highway  Commission ;  in  what  parts  of  the  state  has  it  done 
the  most  work,  and  how  does  it  determine  wThen  roads  will  be 
built?  Are  the  roads  built  by  the  Commission  paid  for  by  the  state 
or  partly  by  the  state  and  partly  by  the  local  community? 

Mr.  Johnson:  I  fear  it  will  take  too  long  a  time  this  evening  to 
answer  very  fully  the  questions  your  President  has  asked. 

The  State  Highway  Commission  has  been  given  an  appropriation 
to  carry  on  experimental  work  in  road  and  bridge  construction. 
We  use  our  discretion  as  to  what  we  call  an  experimental  road 
and  how  we  shall  do  the  work.  We  have  bought  six  outfits 
— road  rollers  and  sprinklers — which,  combined  with  the  crushed 
stone,  makes  our  contribution  to  any  particular  piece  of  road — 
a  very  considerable  part  of  it. 

We  say  to  the  local  people,  if  you  are  particularly  interested 
in  this  experiment,  we  will  come  here  with  the  machinery,  with 
the  men  to  run  the  machinery,  and  material  delivered  to  you,  you 
to  pay  the  freight  and  we  to  do  the  work.  We  call  these  experimental 
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macadam   roads.     Then  the  question  is  to  be   considered  by   the 
community  from  an  economical  standpoint,  whether  the  road  will 

be  worth  anything  to  them. 

We  hold  ourselves  in  readiness  as  far  as  we  can  to  work  out 
the  particular  problem  the  community  has  if  they  want  assistance. 
If  they  have  a  bridge  to  build,  we  design  it.  make  their  specit 
tions,  and  try  to  give  them  a  well  built  bridge  at  a  reasonable  o  I 
Heretofore  the  road  officials  have  been  up  a.^aiiM  it.  They  did 
not  know  anything  about  a  bridge;  all  they  could  do  was  to  go 
out  and  if,  after  tramping  over  and  looking  at  the  bridge,  it  seemed 
strong  enough,  they  would  decide  to  accept  the  work  and  pay 
for  it. 

We  have  laid  special  stress  on  concrete  bridge  construction.  The 
design  for  a  concrete  bridge  that  we  recommend  for  all  -pans 
under  50  feet,  is  one  we  have  developed  in  our  office.  It  is  a 
through  girder,  re-inforced  concrete  structure,  which  is  particularly 
well  adapted  to  situations  where  there  is  not  much  headroom,  and 
where  the  roadway  does  not  need  to  be  over  eighteen  or  twenty 
feet  in  width. 

It  is  necessary  to  put  in  but  a  few  of  these  concrete  bridges  for 
the  public  to  appreciate  their  value.  We  have  devoted  about  half 
our  time  and  appropriation  to  bridge  work,  and  this  is  not  an  un- 
fair division,  as  about  half  of  the  road  and  bridge  tax  now  spent 
in  the  state  is  spent  for  bridge  work. 

We  have  built  a  concrete  bridge  at  the  Southern  Penitentiary 
for  testing  purposes  alone.  It  is  a  40-foot  span,  through  girder 
type,  with  an  18-foot  roadway.  It  was  built  by  convict  labor,  so 
that  the  expense  to  the  state  was  nothing  outside  of  a  small  amount 
for  the  necessary  material.  We  have  planned  an  exhaustive  series 
of  tests,  which  should  demonstrate  many  points  in  the  design  of  these 
bridges,  which  are  today  regarded  more  in  the  light  of  theoretical 
assumption  than  upon  the  sound  basis  of  precise  experimentation. 

In  connection  with  the  subject  under  discussion  tonight,  the  traffic 
census  we  have  been  taking  will  prove  interesting.  When  road  im- 
provement is  first  considered,  the  question  arises,  "Can  the  com- 
munity afford  it?"  It  seems  to  me  if  that  question  is  to  be  an- 
swered at  all  precisely,  in  dollars  and  cents,  it  can  be  done  only 
bv  measuring  the  use    that  the  community  makes  of  a  road. 

Now,  the  use  the  community  makes  of  a  road  will  be  shown  by 
the  number  of  vehicles  that  go  over  it.  In  seventy-one  (71)  places 
througout  the  state  we  have  counted  every  eight  or  ten  davs  dur- 
ing the  past  two  years  the  number  of  vehicles  that  go  over  these 
roads.  It  is  the  first  time  in  this  country  that  a  systematic  traffic 
census  has  been  taken  to  find  how  much  country  roads  are  used. 
Every  vehicle  that  goes  over  the  road  represents  a  certain  valui 
the  community,  from  the  fact  that  somebody  is  making  use  of  it. 
Passenger  vehicles  may  be  taken  as  a  measure  of  the  social  side, 
and   wagons  represent   the  commercial   side   of  the  question.     We 
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are  not,  therefore,  so  much  concerned  with  tonnage  as  the  number 
of  vehicles.  One  hundred  (ioo)  vehicles  a  day  represent  a  mod- 
erately traveled  country  road. 

Let  us  attempt  from  this  number  to  estimate  what  such  an  amount 
of  travel  gives  as  the  worth  of  the  road  to  a  community.  We 
have  a  certain  basis  for  doing  this  from  the  experience  gained 
in  those  communities  where  there  are  toll  roads.  The  charge  made 
for  a  two-horse  vehicle  is  often  three  cents  per  mile,  and  seldom 
less  than  2  cents,  but  I  have  found  that  the  people  in  those  sec- 
tions prefer  to  pay  the  toll  than  to  have  their  roads  taken  away 
from  them.  I  think  most  anyone  would  be  willing  to  pay  a  cent  to 
ride  for  a  mile  over  a  good  road. 

Taking  then  one  cent  per  mile  per  vehicle  as  a  basis  for  our 
calculation,  100  vehicles  per  day  throughout  the  year  would  make 
the  road  worth  $365.00  per  year;  this  is  four  to  six  times  what 
it  would  cost,  ordinarily,  to  maintain  a  mile  of  the  best  macadam 
road,  so  that  with  a  traffic  of  100  vehicles  per  day,  there  is  no 
question  about  the  worth  of  macadam  road  construction  to  a  com- 
munity. There  are  many  communities  in  different  sections  of  the 
country  where  the  traffic  on  the  average  does  not  exceed  50  ve- 
hicles per  day,  but  where  fine  roads  have  been  built  and  are  consid- 
ered worth  all  they  cost. 

Any  attempt,  however,  to  compute  the  worth  of  roads  solely 
on  the  tonnage  hauled  and  the  cost  of  hauling  to  the  farmer,  can 
not  warrant  usually  the  expenditure  necessary  for  any  very  exten- 
sive road  improvement.  Although  there  have  been  a  great  many 
figures  published  on  this  basis  alone,  attempting  to  show  that  there 
would  be  a  great  saving,  the  figures  I  believe  are  based  upon  er- 
roneous assumption  as  to  the  actual  cost  to  a  farmer  for  hauling, 
so  that  when  analyzed  from  his  standpoint,  they  do  not  appeal 
to  him,  and  he  therefore  feels  that  road  improvement  may  be  a 
doubtful  investment.  But  the  commercial  value  is  to  my  mind 
but  a  small  part  of  its  value.  The  farmer  does  not  have  the  tele- 
phone solely  because  of  its  commercial  value ;  he  does  not  expect  to 
raise  any  more  corn  because  he  has  a  telephone  in  his  house,  but 
he  is  willing  to  pay  for  the  telephone  because  it  is  an  added  con- 
venience to  his  life;  and,  on  the  same  basis,  communtities  are 
willing  to  pay  for  public  improvements,  not  because  they  expect 
to  make  a  great  deal  of  money,  but  because  it  will  make  life  a  little 
more  comfortable  and  better  worth  the  living. 

Therefore,  if  we  can  find  any  way  to  express  what  this  value 
is  to  a  community,  we  can  see  easily  how  it  is  that  road  improve- 
ment is  carried  on,  and  rather  than  going  backward,  where  once 
begun  it  is  always  pushed  ahead.  It  is  a  convenience  which,  when 
once  experienced,  a  community  henceforth  demands. 

Mr.  Layfield:  The  C.  B.  &  Q.  Ry.  Co.  has  just  built  a  railroad 
bridge  over  Sixteenth  St.  similar  to  the  one  you  have  been  speak- 
ing of. 
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President  Loweih:    Are  the  experimental  roads  always  built 

Johet  limestone : 

Mr.  Johnson:     No,  other  grades  of  limestone  are  made  u 

Mr.  h.  E.  R.  Tratman,  m.w.s.e.:  I  have  been  told  1> 
road  engineers,  that  where  hard  stone  is  used,  tin-  engineers  aim 
at  producing  a  mosaic  appearance,  with  the  individual  stones  ex- 
posed to  view  instead  of  concealed  by  mud  or  dust.  This  appear- 
ance is  taken  to  indicate  a  good  road.  Furthermore,  in  some  sec- 
tions of  that  country  the  traffic  is  properly  distributed  over  the  I 
surface,  while  in  this  country  it  is  usually  concentrated  at  the  mid- 
dle of  the  road,  teams  turning  out  only  to  pass  other  teams. 
This  causes  undue  wear  of  even  the  best  roads.  There  is 
a  style  of  macadam  paving  now  under  construction,  in  a  town 
near  Chicago,  which  differs  essentially  from  that  covered  by  Mr. 
Johnson's  specifications:  (i)  the  roadbed  is  rolled;  (2)  the  coarse 
bed  of  stone  is  laid   (but  not  rolled)  ;   (3)   a  bed  uings  is 

laid,  sprinkledand  rolled;  (4)  the  road  is  opened  to  traffic  as 'soon 
as  it  is  dry,  in  order  to  let  traffic  work  the  screenings  into  the 
coarse  stone:  (5)  after  some  weeks,  another  layer  is  spread,  sprin- 
kled  and  rolled,  completing  the  work.  The  consolidation  by  traffic 
is  ineffective,  as  the  traffic  is  confined  to  the  middle  of  the  r 
where  the  screenings  are  soon  crushed  to  fine  dust  that  become- 
a  nuisance,  while  the  sides  of  the  road  are  left  undisturbed.  I  Mi 
part  of  this  work  gravel  has  been  used  as  a  binder,  and  was  given 
a  much  heavier  sprinkling  than  the  screenings.  These  road-  appear 
to  be  more  compact  and  less  dusty  than  where  the  screenings  alone 
are  used.  Lack  of  maintenance,  I  think,  is  the  great  cause  of 
trouble  with  our  country  roads.  I  notice  that  the  specification  - 
presented  by  Mr.  Johnson,  provide  only  for  screenings,  and  that 
he  makes  no  use  of  gravel  binder.  It  seems  to  me  that  gravel 
is  a  better  binder  than  the  stone  alone. 

Mr.  Johnson:  YVe  have  used  the  gravel  binder  and  recommend 
it.  It  will  bind  together  and  give  a  much  better  bond  than  lime- 
stone screenings  alone.  With  every  road  that  we  build  out  of  the 
Joliet  stone,  we  insist  that  a  fine  gravel  binder  be  used. 

President  Loweth:  Xot  long  since  I  was  on  an  electric  rail- 
way about  fifteen  or  twenty  miles  out  from  Cleveland,  Ohio.  I 
noticed  that  the  highway  along  which  the  electric  car  was  running 
was  paved  with  brick  for  a  strip  about  ten  feet  in  width  and  for 
several  miles  in  length,  and  was  one  of  the  main-traveled  high- 
ways into  Cleveland.  It  was  not  located  in  a  residence  or  suburban 
district,  but  one  covered  with  small  truck  and  fruit  farms.  It  was 
evening  and  there  was  a  constant  procession  of  vehicles  passing 
in  a  direction  away  from  the  city,  and  doubtless  in  the  morning  the 
travel  was  mostly  in  the  other  direction. 

It  would  appear  that  the  character  and  extent  of  the  traffic,  in 
this  case,  justified  a  narrow  strip  of  brick  pavement  on  a  countrv 
road. 
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Regular  Meeting,  Wednesday,  November  4,  1908. 

A  regular  meeting  of  the  Society  (No.  642)  was  held  Wednesday  evening, 
November  4th.  The  meeting  was  called  to  order  about  8 130  p.  m.,  with 
President  Loweth  in  the  Chair,  and  about  35  members  and  guests  present. 
The  reading  of  the  minutes  of  the  meeting  held  in  October  was  dispensed 
with,  by  consent,  as  they  had  been  published  in  the  Journal.  The  Secretary 
reported  from  the  Board  of  Direction,  that  applications  for  membership  had 
been  received  from : 

Grade. 

James   Robinson   Scott,   Jr.,    Chicago Junior 

Ralph   Budd,   Colon,    Panama Active 

Alex.    Hugo    Bleuel,    Chicago .' Junior 

W.  L.  Thompson,  Las  Cascadas,  Canal  Zone Active 

H.   Bertram  Watters,  New  York,  N.  Y Active 

Ray  E.  Pauley,  Sioux  City,  Iowa Active 

Charles    Henry    Clare,    Chicago Active 

The  Secretary  announced  the  recent  death  of  Charles  A.  Smith,  of  Chi- 
cago, on  October  20th,  and  Ossian  Guthrie,  also  of  Chicago,  on  October  25th. 
Mr.  Isham  Randolph  offered  a  motion  that  the  Chair  appoint  a  committee  to 
prepare  the  usual  memorials,  to  be  printed  in  the  Journal.  This  motion  was 
carried. 

There  being  no  further  business  to  bring  before  the  Society,  the  President 
introduced  Col.  C.  McD.  Townsend,  m.w.s.e.,  of  Detroit,  who  presented  his 
paper  on  "'The  Improvement  of  the  Upper  Mississippi  River  Between  St.  Paul 
and  St.  Louis- — the  Work  of  the  National  Government."  This  was  illus- 
trated by  lantern  slide  views.  Discussion  followed  from  the  President,  Maj. 
W.  V.  Judson,  Messrs.  Isham  Randolph,  C.  L.  Strobel,  D.  W.  Roper  and 
Maj.  T.  H.  Rees. 

The  meeting  adjourned  about  10  p.  m. 

Minutes  of  Electrical  Section,  November  13,  1908. 

A  regular  meeting  (No.  36)  of  the  Electrical  Section  (being  No.  643  of 
the  Society)  was  held  in  the  Society  rooms  Friday  evening,  November  13th, 
1908. 

The  meeting  was  called  to  order  about  8:25  p.  m.,  with  D.  W.  Roper, 
Chairman,  presiding  and  about  fifty  members  and  guests  present. 

The  reading  of  the  minutes  of  the  preceding  meeting  was  dispensed  with 
by  approval. 

At  the  request  of  the  Chairman,  the  Secretary  called  attention  to  the 
rules  of  the  Electrical  Section  and  particularly  to  that  paragraph  providing 
for  the  nominating  of  officers  of  the  Section  for  the  coming  year,  1909,  and 
stated  that  these  nominations  need  to  be  presented  at  the  next  meeting  of  the 
Section,  to  be  held  December   11,  1908. 

There  being  no  other  business,  Mr.  W.  D'A.  Ryan,  of  the  General  Elec- 
tric Company,  was  introduced,  who  addresed  the  meeting  on  "Recent  Devel- 
opments in  Artificial  Illumination."  The  paper  was  illustrated  with  a  con- 
siderable number  of  lantern  slide  views.  Discussion  followed  from  Messrs. 
James  Lyman,  D.  \V.  Roper,  E.  H.  Freeman.  P.  Junkersfeld  and  J.  R. 
Cravath. 

The  meeting  adjourned  about  10  p.  m. 

Extra  Meeting,  November  18,  1908. 
An   extra   meeting   of  the    Society    (No.   644)    was    held   in   the    Society 
rooms,  Wednesday  evening,  November  18th. 
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In  the  absence  from  the  city  of  President  Loweth.  thi  called 

to  order  at  8:30  p.  m.,  with  Past  President  Abbotl   in  th  „,ut 

forty-five  members  and  guests  present. 

There  was  no  business  to  transact,   so  the  speaker   for   tin-  evening,   Mr 
Carl   Scholz,  of  the  Rock  Island   Coal  Co.,  was   in'.' 
the  meeting  on  "Coal  Briquetting." 

Besides  some  lantern  slides  to  illustrate  the  paper,  the  author  had  on 
hibition  a  number  of  briquets  of  coal,  of  various   sizes,  shapes  an.!   mal 
and  a  blue  print  to  show  the  arrangement  of  the  machinery 
ting  plant  at  Hartshorn,  Okla. 

Discussion  followed  from  Messrs.  W.  R.  Roberts,  II  B.  MacFarland 
Geo.  M.   Mayer,  A.  Bement.  J.  K.  Deering,  11.  A.  Allen,  R.   li  W. 

Naylor,  Mr.  Scholz  and  the  Chairman. 

The  meeting  adjourned  about  10:10  p.  m. 

Regular  Meeting,  December  2,   i<x>n. 

A  regular  meeting  of  the  Society  (Xo.  645  >   was  held  Wedn  ning, 

December  2nd.     The  meeting  was  called  to  order  at  :S:j5  P    m.,  with  Pi 
dent  Loweth  in  the  Chair  and  about  65  members  and  guests  present. 

The  minutes  of  the  meetings  of  November  4th  and  iSth  were  read  by  the 
Secretary  and  approved.  The  Secretary  reported  from  the  Board  uf  Direc- 
tion that  at  its  meeting  held  December  1st.  the  foil'  wing  were  elected  into 
membership  : 

Grade. 

Arthur    R.    Young,    Chicago \eti ve 

Neet  C.  McCanliss.  Missoula,  Mont Active 

Alex.    H.    Bluel,    Chicago Junior 

Ralph   Budd,   Cristobal,   Panama Active 

James  R.    Scott,   Chicago Junior 

Ray  E.  Pauley,  Sioux  City,  Iowa Active 

Also  that  applications  for  membership  had  been  received  from  : 

Carl  W.  Boynton,  Chicago. 

Ralph  G.  Mansfield,  Chicago. 

Edwin  A.  Howes,  Chicago. 

Charles  C.  Chappelle,  Chicago. 

Frank  E.  King,  Milwaukee. 

Maj.  Thomas  H.  Rees:  U.  S.  Engineer,  Chicago. 

Frank  H.  Bernhard,  Chicago. 

David  M.  Craig,  Chicago. 

Announcement    was    also   made    that,    in    accordance    with    the    By-laws, 

notices  had  been  sent  out  to  the  membership  concerning  the  nominations  for 
officers  of  the  Society  for  the  coming  year,  and  that  petitions  for  nomina- 
tions for  sundry  members  for  the  officers  of  the  Society  had  been  received 
and  presented  to  the  Board  of  Direction  at  its  meeting  held  December   1st. 

The  results  of  these  petitions  are  as  follows : 

For  President — 

Mr.  Andrews  Allen, 

Mr.  J.  W.  Alvord, 

Mr.  John  Brunner, 

Mr.  Wm.  B.  Storey,  Jr. 
For  First  Vice  President — 

Mr.  W.  L.  Breckenridge, 

Mr.  John  Brunner, 

Mr.  Peter  Junkersfeld. 
For  Second  Vice  President — 

Mr.  John  Brunner, 

Mr.  O.   P.  Chamberlain. 
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For  Third  Vice   President — 

Prof.  W.  F.  M.  Goss.  of  Univ.  of  111. 
Prof.  W.  K.  Hatt,  of  Purdue. 
.Mr.  E.  H.  Lee. 

For  Treasurer — 

Mr.   Albert  Reichmann,  to  succeed  himself. 

For  Trustee,  to  serve  three  years — 
Mr.  George  M.  Brill, 
Mr.  Ernest  McCullough, 
Mr.  Wm.  B.  Storey,  Jr. 

The  Secretary  stated  that  as  soon  as  the  nominees  are  heard  from  the 
ballots  will  be  prepared  and  sent  out  to  the  active  membership  of  the  Society. 

There  being  no  further  business  to  bring  before  the  Society,  the  Chairman 
introduced  Mr.  H.  H.  Evans,  Engineer  Secretary  to  the  Local  Transportation 
Committee  of  the  Chicago  City  Council,  who  addressed  the  meeting  on  "De- 
velopments in  Electrification  of  Railway  Terminals."  Discussion  followed 
from  Messrs.  P.  Junkersfeld,  E.  N.  Lake  and  James  Lyman,  all  members- 
of  the  Society.  The  Chairman  invited  discussion  by  letter  on  this  interesting 
and  timely  subject  and  said  that  an  adjourned  meeting  for  further  discussion 
of  this  matter  could  be  held  if  there  was  occasion  for  it. 

The  meeting  adjourned  at  10:30  p.  m. 

Minutes  of  the  Electrical  Section,  December  11,  1908. 

A  regular  meeting  (No.  37)  of  the  Electrical  Section,  (being  No.  646  of 
the  Society)  was  held  in  the  Assembly  room,  1735  Monadnock  Block,  on 
Friday  evening,  December  nth,  1908. 

The  meeting  was  called  to  order  about  8:25  p.  m.,  with  Mr.  D.  W.  Roper 
as  Chairman,  and  about  50  members  and  guests  present. 

The  minutes  of  the  meeting  held  November  3rd  were  read  and  approved. 

In  accordance  with  the  rules  governing  the  section,  nominations  by  peti- 
tions for  officers  of  the  Section  for  1909,  to  be  voted  at  the  next  regular 
meeting  January  8th,   1909.  were  presented  in   writing. 

For  Chairman.  W.  B.  Jackson. 

For  Vice  Chairman,  P.  B.  Woodworth. 

For  Member  for  three  years,  W.  L.  Abbott. 

The  Secretary  made  the  announcement  of  the  next  meeting  of  the  Society, 
to  be  held  Wednesday,  December  16th,  1908,  when  Prof.  Pence  would  be  the 
speaker;  also,  that  there  would  be  a  meeting  of  the  Chicago  Section,  A.  I.  E. 
E.,  to  be  held  Thursday  evening.  December  17th,  1908,  at  8  o'clock  p.  m..  in. 
Fullerton  Hall,  Art  Institute,  on  which  occasion  Prof.  Chas.  Steinmetz  would 
address  the  meeting  on  "Light  and  Illumination";  also  that  the  annual  meet- 
ing of  the  Society,  with  a  dinner,  will  be  held  Tuesday,  January  5th,  1909,  in 
the  Club  House  of  the  Chicago  Athletic  Association. 

There  being  no  other  business  to  bring  before  the  meeting,  Chairman 
D.  W.  Roper  opened  the  discussion  for  the  evening  on  the  "Electrification  of 
Railway  Terminals,"  a  paper  by  Mr.  H.  H.  Evans,  presented  before  the 
Society  December  2,  1908.  He  was  followed  by  Messrs.  W.  B.  Storev,  Jr., 
W.  E.  Symons,  W.  L.  Abbott,  Wm.  B.  Jackson,  W.  M.  Camp  and  H.  H. 
Evans. 

The  meeting  was  adjourned  about  n  p.  m. 

Extra  Meeting,  December   16,  1908. 

An  extra  meeting  of  the  Society  (No.  647)  was  held  Wednesday  evening, 
December  16,  1908.  The  meeting  was  called  to  order  about  8:25  p.  m.,  with 
President  Loweth  in  the  Chair  and  about  60  members  and  guests  present. 

There  was  no  business  to  bring  before  the  meeting  so  the  Chairman  in- 
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troduced  Prof.    Pence,   m.w.s.e.,  of  the   Un  f   Wisconsin,   who 

sented  his  paper  on     The  Work  of  the  Engineering  Staff  of  the  Wisconsin 

Tax  and  Rate  Commissions.'     There  were  some  lantern  slide  view-   shown 
to  illustrate  the  paper. 

Prof.   Burgess,  of  .Madison.   Wisconsin,  was  then  introduced    who 
on  some  of  the  work  connected  with  the  above  Commissions  in  th< 
of  gas  and  electric  lighting. 

Other  discussions  followed  from   Messrs.  Win.  B.  Jackson    I 
C.  K.    Mohler,  L.   P.   Breckinridge,  A.  Rcichman.  W.  B.  Stores     |r     \V 
Symons,  E.  X.  Layfield,  P.  Junkersfeld  and  President  Loweth.'' 

The  meeting  adjourned  about  11  p.  m.  I.   II.  Wakdf.k 

The  Smoker. 

October  29,   1 
The  Entertainment  Committee  arranged  for  a  House  Warming  in  the  new 

quarter-    of    the    Society,    Monadnock    Block,   which    was    in    the    form    of   a 
"Smoker,"  and  was  held  Thursday  evening,  Oct' 

In  response  to  letters  of  invitation  from  President  Loweth,  to  all  the 
Past  Presidents  and  Charter  members  of  the  Society,  most  'resi- 

dents and  early  members  of  the  Society  w  |       uer. 

The    Entertainment    Committee    provid  d    instrumental    mu 

also  a  very  satisfactory  lunch,  which  was  served  after  th  in  of  the 

formal  exercises   of  the   evening,  all  of  which   were  much   appreciated. 

President  Loweth  presided,  and  gave  a  brief  account  of  the  progiv 
events  which  resulted  in  securing  the  enlarged  space,  and  in  the  development 
of  the  reconstruction  and  furnishing  of  the  rooms  now  occupied.  Through 
the  efficient  Building  Committee  and  the  professional  services  of  Mr.  Ren- 
wick,  m.w.s.e.,  of  Holabird  &  Roche,  Architects,  the  results  are  satisfactory. 
There  is  a  good  assembly  room,  well  lighted  and  ventilated,  having  a  seating 
capacity  for  about  170;  a  cozy,  quiet  library  room  with  bookcases  and  open 
stacks;  a  cheerful  and  attractive  reading  room  opening  into  the  library; 
spacious  accommodations  for  the  Secretary  and  his  assistants;  a  committee 
room  adjacent  to  the  Assembly  room,  used  also  for  the  meetings  of  the 
Board  of  Direction,  and  a  store  room  (or  work  room)  where  are  stored 
sundry  volumes  of  bound  periodicals  and  the  recent  issues  of  our  exchanges, 
the  Addressograph,  etc. 

The  cost  of  the  improvements,  including  the  lighting,  ventilation,  some 
furnishings,  etc.,  amounting  to  about  $6,500.00.  was  paid  by  the  Society  with- 
out going  into  debt,  and  with  a  working  balance  at  the  end  of  the  year.  A 
lease  of  this  new  space  has  been  made  with  the  agents  of  the  building  for 
ten  years,  but  necessarily  at  an  advance,  with  the  increased  space  acquired. 

The  President  then  introduced  his  predecessor,  Past  President  W.  L. 
Abbott,  who  had  been  so  active  in  forwarding  the  ideas  embodied  in  the 
arrangement  of  the  new  quarters. 

Mr.  Abbott  in  his  remarks  called  attention  to  the  condition  of  the 
neering    Profession   forty  years   ago.   just   prior  to   the  organization   of  the 
original  "Civil  Engineers'  Club  of  the  Northwest"  and  what  it  has  become. 

It  was  about  a  year  ago  that  the  Board  of  Direction  considered  the  plan 
of  enlarging  the  space  for  the  use  of  the  Society,  and  recommended  to  their 
successors,  (the  Board  of  Direction  for  1908)  that  with  a  membership  of 
nearly  1000,  and  a  comfortable  bank  balance,  it  was  eminently  fitting  that 
this  foremost  engineering  society  in  the  West,  should  have  a  better  home, 
with  a  more  commodious  assembly  room  and  accessories.  This 
tained,  as  you  can  all  observe.  But  large  member-hip  with  material  ; 
perity  does  not  constitute  true  greatness.  If  the  Western  Society  of 
Engineers  is  to  fully  realize  the  opportunities  to  which  it  is  heir,  the  well 
known  and  busy  members  must  not  shirk  their  obligations  to  the  Society, 
and  leave  the  writing  of  paper-  to  the  younger  and  l<  'iced;  and  the 

zeal  of  the  officer-  ion  on  the  part 
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of  the  membership.  It  is  only  by  earnest  effort  on  the  part  of  all,  that  ours 
will  become  the  Society  of  Engineers  of  the  West. 

Air.  L.  P.  Morehouse,  the  first  Secretary,  and  who  filled  that  office  for 
nineteen  years  after  the  original  organization  in  1869,  followed  Mr.  Abbott 
with  some  delightfully  humorous  remarks  relating  to  the  early  history  of  the 
Society,  its  small  beginnings,  and  its  gradual  growth  and  development  into 
its  present  substantial  proportions. 

Mr.  Chanute,  Past  President,  followed  with  a  few  remarks  concerning 
the  growth  and  standing  of  engineering  since  the  beginning  of  this  Society, 
and  this  was  further  enlarged  upon  by  the  remarks  of  Past  President,  Bion 
J.  Arnold,  who  has  had  so  much  to  do  with  the  development  of  the  applica- 
tion of  electricity  to  transportation. 

The  venerable  charter-member,  Mr.  A.  Comstock,  of  Joliet,  was  present, 
but  his  remarks  as  to  the  organizing  of  the  Civil  Engineers'  Club  of  the 
North  West  was  in  the  form  of  a  letter  which  was  read  by  the  Secretary, 
as  follows :  « 

"I  will  give  you  my  recollection  of  the  Organization  of  the  Civil  Engi- 
neers' Club  of  the  Xorth  West.  I  can -not  give  the  exact  date,  but  will 
suggest  how  it  may  be  determined. 

"I  was  engaged  in  making  a  survey  near  the  Chicago  and  Alton  R.  R. 
bridge,  crossing  the  Kankakee  river  in  the  village  of  Wilmington.  This  was 
one  of  the  'Post  Patent  Combination  Bridges,'  the  tension  members  being 
of  wrought  iron  and  the  compression  members  of  cast  iron.  A  party  came 
down  ,from  Chicago  to  inspect  this  bridge  which  had  just  been  erected. 
Of  this  party,  I  remember  Mr.  Booth,  Mr.  Draper,  Col.  R.  B.  Mason,  Col. 
Post,  Mr.  Morehouse  and  I  think  Mr.  L.  A.  Clark  and  Mr.  Chesborough. 
There  were  a  number  of  other  persons  whose  names  I  do  not  recall. 

"Mr.  Draper  came  to  me,  and  requested  the  loan  of  my  instrument  to  be 
used  in  determining  the  deflection  of  the  bridge  under  applied  loads.  This 
was  granted  him  and  the  tests  and  inspection  completed. 

"I  started  on  the  evening  train  to  return  to  my  home  in  Joliet,  when  I 
was  informed  that  it  was  contemplated  to  organize  an  Engineer's  Club,  and 
was  invited  to  accompany  them  and  participate  in  the  meeting,  which  I  did. 
I  think  the  meeting  was  held  on  the  train,  as  I  do  not  remember  going  into 
Chicago,  but  I  think  I  caught  an  outgoing  train  before  reaching  the  city. 
I  think  the  Club  was  fully  organized  and  officers  elected  at  this  meeting,  but 
it  may  have  been  at  a  later  meeting  in  the  city. 

"A  full  account  of  the  inspection  of  this  bridge  will  doubtless  be  found 
in  the  daily  papers  of  that  date,  and  possibly  mention  may  have  been  made 
of  the  Engineers'  meeting  also.  I  regret  that  my  memory  is  so  deficient  in 
this  matter,  but  if  these  lines  may  aid  in  clearing  up  any  points  in  the  early 
history  of  the  Club,  I  shall  be  greatly  pleased. 

(Signed)  "Adam    Comstock." 

Mr.  L.  E.  Cooley  gave  some  interesting  and  humorous  reminiscences  of 
when  he  was  Secretary  of  the  Society  in  1888,  following  Mr.  Morehouse, 
who  had  filled  that  position  for  the  nineteen  years  previous ;  also  of  when  he 
was  President  in  1890  and  in  1891.  It  was  during  this  two-years'  term,  that 
it  was  made  a  rule  that  a  President  should  not  immediately  succeed  himself. 
Mr.  Cooley  humorously  supposed  that  he  had  been  "a  frightful  example" 
that  led  the  Society  to  pass  such  a  rule.  It  was  about  this  time  that  the 
Society  had  a  membership  which  grew  to  nearly  400  about  1892,  and  the 
members  would  discuss  and  dream  of  the  time  when  the  Society  might  have, 
say,  600  members  and  be  self-supporting. 

It  was  a  cause  for  regret  that  illness  prevented  the  presence  of  Past 
Presidents,  Gen.  Wm.  Sooy  Smith,  Capt.  Robert  W.  Hunt  and  Mr.  W.  H. 
Finley,  but  Messrs.  Artingstall,  Randolph  and  Horton  made  responses  when 
called  upon,  as  did  also  that  ever  faithful  and  loyal  member  of  the  Society 
for  the  past  thirty  years,   Mr.   G.   A.   M.    Liljencrantz. 
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Some  of  the  letters   received  are  here  presents 

New  Yor]  1008 

Mr.  C.  F.  Loweth,  Chicago,  III.  y^" 

My   Dear   Sir:     I   have  only  just   received  your  kind 
inst,    forwarded   to  me  from   Schenectady,  and   I  beg   to  thank 
Direction  of  the  Western  Society  of  Engineers  for  tin-  invitati 
ent  to-morrow  evening,  and  make  a  "few  remark-."  on  I 
opening  of  new  and  more  commodious  rooms  for  the 

This   will   certainly  be  a   most  interesting  event   and    I    regi  much 

that  I  cannot  be  present.     It  is  more  than  gratifying  to  knov    of  th 
of  the  Society,  and  with  my  best  wishes  for  it-  continued  success,  I 

Very  truly  vours, 

ed  1     Alonzo  W    !' 

(Charter  Member.) 

October  28,  1908. 

Mr.  C.  F.  Loweth.  President  W.  S.  E.,  Chicago,  III. 

Dear  Sir:     I  am  in  receipt  of  your  letter  of  tl  stant,  written  in 

behalf  and  by  the  direction  of  the  Board  of  Directors  of  the  Western  Society 
of  Engineers,  requesting  my  attendance  at  a  "House  Warming-''  in  the  new- 
rooms  which  have  just  been  fitted  up  for  the  use  of  the  Society. 

I  regret  very  much  that  a  prior  engagement  oul  of  the  city  will  prevent 
my  being  on  hand  to  witness  the  contrast  between  the  "New  House"  of  the 
Society  and  the  small  office  of  Col.  R.  B.  Mason — its  firsl  President— where 
it  had  its  inception  over  thirty-nine  years  ago.  Then  it  was  a  handful  of  ten, 
now  a  thousand.  Of  those  still  living  who  were  members  the  first  year,  only 
six  are  on  the  roll  to-day:  L.  P.  Morehouse,  Octave  Gianute.  Walter  Katte, 
Alonzo  W.  Paige,  A.  Comstock  and  myself.  Of  these,  our  worthy  "Past 
Secretary"  and  only  "Honorary  Member"  L.  P.  Morehouse  heads  the  list, 
with  over  nineteen  years  of  faithful  service  in  the  interest  of  the  Society, 
and  to  his  efforts  and  those  of  the  only  ex-President  of  '69  living,  Mr. 
Octave  Chanute,  the  Society  owes  its  existence. 

When  the  question  of  who  should  write  the  first  paper  arose,  it  w 
cided  that  the  members  should  be  taken  in  alphabetical  order,  and  the  first 
one  fell  to  my  lot  and  was  on  "Railway  Frogs."  At  that  time  the  cast  iron 
plated  frog  was  the  one  in  general  use,  one  which  required  re-platir»g  every 
three  months  under  ordinary  traffic.  Under  present  conditions  they  would 
be  useless. 

As  the  finances  of  the  Club  were  very  small,  the  writers  went  to  the  ex- 
pense of  having  these  papers  printed. 

When  we  stop  to  consider  the  great  advance  made  in  all  departments  of 
railway  work  and  management  during  the  last  thirty-nine  years,  one  feels 
that  he  has  not  lived  in  vain,  and  that  the  future  will  show  even  more  marvel- 
ous advances  is  assured. 

It  should  be  very  gratifying  to  the  officers  and  members  of  the  Society 
that  the  increase  in  membership  has  been  so  large  and  that  its  finances  are 
in  such  a  healthy  condition.  That  it  may  continue  in  its  good  work  is  the 
sincere  wish  of  one  of  the  1869-ers. 

•  truly  yours, 

_med^     Jno.  E.  Blunt, 
( Charter   Men  ' 

Pomona.  Cal.,  Oct.  26,  1908. 
Mr.  C.  F.  Lozi-eth,  Pres.  W.  S.  E. 

Dear  Sir:     Your  so  kind  letter  of  the  21st  inst.,  containing  invitation  for 
Society  meeting  the  29th,  is  to  hand  this  a.  m.,  and  I   reply  by  return  mail. 
The  distance  is  so  great,  this  letter  will  scarcely  reach  you  before  the  n 
ing. 

Your  list  of  members  contains  only  16  names  of  those  who  were  mem- 
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bers  when  I  joined.     Were  I  present  with  you  all,  as  I  shall  be  in  spirit,  in 
my  eyes : 

"There  are  more  guests  at  table  than  the  hosts  invited : 
The  illuminated  hall  is  thronged  with  quiet,  inoffensive  ghosts, 
As  silent  as  the  pictures  on  the  wall. 

The  stranger  at  my  fireside  cannot  see  the  forms  I  see,  nor  hear  the 
sounds  I  hear. 

He  but  perceives  what  is ;  while  with  me,  all  that  has  been,  is  visible  and 
clear." 

You  have  now  over  1.000  members,  but  in  the  "Seventies,"  it  was  a  hard 
struggle  for  a  handful  of  indomitable  men  to  keep  the  Society  alive.     Time 
and  again  they  were  on  the  verge  of  despair,  but  they  persevered  and  your 
condition  to-day  is  the  result.     Do  not  forget  them.     Your  quarters  are  far 
beyond  anything  to  which  they  aspired,  yet  remember: 
"We  may  build  more  splendid  habitations, 
Fill   our  rooms   with  paintings   and  with    sculptures, 
But   we  cannot  buy  with  gold  the  old   associations." 
Members  of  the  Western  Society  of  Engineers  have  wrought  their  names 
in  indelible  letters  by  their  works,  and  their  fame  will  endure  for  ages. 

It  has  been  my  privilege  not  only  to  witness  the  growth  of  our  Society, 
but  also  of  that  great  city  of  Chicago,  for  I  was  born  there  (Madison  and 
Michigan  Ave.) 

Wishing  one  and  all  success,  and  that  the  Society  may  continue  to  grow 
and  prosper.    Believe  me, 

Sincerely  your  fellow  member, 

(Signed)     Augustine  W.  Wright, 

Past  President. 

St.  Davids,  Pa.,  Oct.  27,  1908. 
Mr.  C.  F.  Lozveth,  President,  Western  Society  of  Engineers,  Chicago,  III. 

My  Dear  Mr.  Loweth  :  Your  kind  favor  of  the  21st  inst.,  in  reference  to 
the  proposed  "House  Warming"  on  the  29th,  is  just  to  hand,  and  I  hasten 
to  reply  so  that  it  may  reach  you  before  the  jollification  becomes  a  "has 
Deem" 

Words  cannot  express  the  depth  of  my  regret  that  I  cannot  be  with  you 
to  enjoy  the  meeting  of  so  many  of  my  old  comrades,  as  well  as  many 
members  whom  it  has  not  been  my  pleasure  to  meet. 

The  great  success  of  the  Society  during  the  past  twenty  years  or  more, 
since  I  first  took  active  part  in  the  management  with  others  now  gray  capped, 
and  some  who  passed  beyond  this  earthly  life,  is  a  most  satisfactory  evidence 
to  me  that  we  struck  out  in  the  right  direction  when  we  decided  to  "paddle 
our  own  canoe"  without  the  help  or  hindrance  of  "Affiliated  Societies,"  and 
to  hold  the  management  (Board  of  Direction)  responsible,  instead  of  con- 
stituting the  entire  membership  as  a  legislative  body.  Some  of  the  younger 
members  may  not  fully  understand  the  meaning  of  the  above  statement,  but 
I  trust  many  of  the  "Old  Guard"  will  be  there  to  explain  and  give  echo  to 
the  sentiment.  It  is  my  hope  that  they  will  give  reasons  for  the  change  of 
policy  inaugurated,  to  the  end  that  the  newer  blood  may  be  so  inspired  with 
the  wisdom  of  the  plan  of  procedure  that  they  will  not  permit  it  to  lapse, 
but  carry  on  the  great  work  in  a  conservative  and  thoughtful  manner,  to  the 
great  benefit  of,  not  only  the  engineering  profession,  but  all  mankind. 

It  was  evidently  no  mistake  to  assume  that  the  management  would  be 
thoroughly  competent  if  the  responsibility  for  good  government  was  placed 
upon  them,  as  has  been  shown  by  the  ability  with  which  the  affairs  of  the 
Society  have  been  administered  up  to  the  present  time,  and  as  I  firmly  believe 
the  good  work  will  continue. 

Permit  me  to  offer  a  toast  to  the  Pioneers,  the  Rescuers  and  the  Con- 
servators of  the  Western  Society  of  Engineers. 

Thanking  you  and  your  Board  of  Direction  for  the  opportunity  offered 
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me  to  join  in  the  good  time,  and  wishing  you  all  a  mosl  enjoyable  evening 
and  the  Society  (.very  success,   1   am. 

Yours   very  truly. 

1  Signed  I     Hiero  B    Herr, 

President 

New  York,  \.  Y.,  October  26,  [9 
C.  F.  Loweth,  Esq.,  President,  Western  Society  of  Engineers,  c  hicago,  III. 

My  Dear  Mr.  Loweth:     1  am  in  receipt  of  your  kind  invitation  of 
21st,   requesting  me   to  be  present   at   the   house    warming   of   the    W< 
Society  of  Engineers  on  the  29th  Instant,  and  regret  exceedinglj  thai  I  an 
unduly  pressed  by  many  things  which   require  attention  in  the   East,  tl 
will  he  impossible  for  me  to  be  with  you  on  that  occasion,  and  address  the 
Society  as  you  suggest. 

My  heart  lias  always  been  with  the  Western  Society  of  Engineers,  and  I 
have  watched  its  growth  with  pride  and  pleasure.  1  feel  that  some  of  my 
warmest  friends  are  members  of  the  Society,  and  that  nowhere  would  I  have 
received  a  heartier  welcome.  As  a  Past  President  of  the  Society,  I  am  and 
always  will  be  interested  in  its  affairs,  and  will  always  be  pleased  to  lend 
my  best  aid  to  its  future  advancement  and  continued  sued 

Yours  very  truly. 

(Signed)     John   F.  Walla< 

Past   President. 

New  York.  October  _'4.  1908. 
Mr.  C.  F.  Loiveth,  President.  Western  Society  of  Engineers.  173$  Monadnock 
Block.  Chicago,  III. 

My  Dear  Sir:  I  have  your  letter  of  the  Ji.-t.  with  the  courteous  invita- 
tion from  the  Board  of  Direction  to  take  part  in  the  "House  Warming"  on 
the  29th  inst. 

It  would  give  me  the  greatest  pleasure  to  be  present  on  this  auspicious 
occasion  and  to  pay  my  compliments  to  the  management  of  recent  years  on 
the  splendid  record  which  they  have  made  in  building  up  a  great  society 
with  such  an  excellent  financial  showing,  and  to  congratulate  the  Societ\  1  n 
the  new  quarters  obtained  on   such   satisfactory  term-. 

When  I  came  to  Chicago  in  1892,  the  Society  was  in  a  deplorable  condi- 
tion with  no  available  library,  no  creditable  quarters,  no  funds,  a  small 
membership  with  little  prospect  of  increase  and  of  little  influence  and  use- 
fulness. Its  principal  asset,  but  a  most  valuable  one.  was  a  remarkably 
efficient  Board  of  Direction  which  included  as  particularly  active  members, 
Capt.  Robert  W.  Hunt,  who  is  still  among  us  with  undiminished  zeal  and 
perpetual  youth,  ready  for  any  service  to  promote  the  best  interests  of  the 
engineering  profession,  and  Mr.  Geo.  S.  Morison,  since  cut  down  in  the 
height  of  his  career,   whom   we  may  all  agree  was   the  greates  r  of 

his  time,  in  this  or  any  country.  This  Board,  adopting  somewhat  heroic 
measures,  reorganized  the  Society,  gave  it  a  home  adequate  for  it-  needs  it 
that  time,  put  its  small  library  in  order  and  provided  for  its  enlargement, 
and  adopted  a  pay-as-you-go  policy  which  has  never  been  abandoned  I  was 
cognizant  of  this  work  at  the  time  to  some  extent,  although  not  then  a 
member  of  the  Society,  but  appreciated  its  excellence  more  fully  a  few  years 
later  when  honored  by  the  Society  by  election  to  membership  on  its  Board. 
At  that  time  the  Society,  still  small  in  numbers  and  influence  as  compared 
with  the  present  magnificent  and  powerful  organization,  was  on  a  solid 
foundation  and  was  developing  its  facilities  as  fast  as  prudence  permitted. 
with  a   steady   increase   in   membership. 

Perhaps  the  most  important   step  ever  taken  by  the   - 
cision   to  publish   its  own  proceedings.     To  some  of  us   it   seemed  unwii 
incur  this  responsibility,  hut  within  a  short  time  the  success  of  the  JouRNAl 
was  assured  and  the  growth  of  the  Society  greatly  promoted  thereb; 

It  was  a  happy  inspiration,  it   seems  to  me.  to  omit  the  word  "Civil"  from 
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the  name  of  the  Society.  The  value  of  the  word  to  distinguish  between  the 
engineering  of  peace  and  that  of  war  has  long  since  disappeared,  and  it  has 
come  to  have  a  restricted  meaning  as  referring  to  those  branches  of  engineer- 
ing not  yet  specialized.  I  believe  the  most  general  title  has  a  real  value  in 
encouraging  a  broader  spirit  and  tending  to  gather  into  one  organization  as 
a  unit  professional  engineers  of  all  branches;  when  thus  united  the  influence 
of  the  profession  and  its  capacity  for  public  service  is  greatly  enhanced. 
The  organization  of  an  Electrical  Engineering  Section  was  an  important  step 
in  this  direction  and  the  Society  is  to  be  congratulated  on  having  thus  taken 
an  advanced  position.  As  a  result  of  the  broad  policy  steadily  pursued  by 
the  Society  the  papers  presented  to  it,  cover  a  wider  range  of  engineering 
work  than  those  of  any  other  engineering  organization  in  the  United  States. 
Every  great  development  in  the  work  of  the  Society  has  followed  frank 
discussion,  and  has  been  free  from  subsequent  dissension  in  a  manner  char- 
acteristic of  the  West  and  particularly  of  Chicago.  The  continuance  of  this 
spirit  of  frankness  and  loyalty  and  persistence  in  a  broad  policy  in  profes- 
sional matters  and  in  prudent  financial  management  will  make  secure  an 
honorable  and  useful  future. 

Yours  very  truly, 

(Signed)     Alfred  Noble, 

Past  President. 

The  meeting  adjourned  about   11:30  p.  m.,  and  all   expressed  themselves 
as  having  greatly  enjoyed  a  very  pleasant  social  meeting. 
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Water  Power  Engineering:  By  Daniel  W.  Mead,  Mem.  Am.  Soc.  C.  E., 
m.w.s.e..  Professor  of  Hydraulic  and  Sanitary  Engineering,  University  of 
Wisconsin.  6^4  by  gY\  ins. ;  787  pages,  413  illustrations,  many  tables  and 
diagrams.  Cloth  bound.  Price  $6.00.  McGraw  Publishing  Co.,  New 
York,  1908. 

The  development  of  electricity  and  its  transmission,  during  the  past  ten 
years,  has  given  new  life  to  the  water  powers.  Although  installations  ag- 
gregating many  thousand  horse  powers  were  made  at  an  early  time,  the 
majority  of  these  plants  were  built  for  the  use  of  industry  more  or  less  fixed 
in  extent,  and  it  has  been  only  comparatively  recently  that  installations  have 
been  demanded,  capable  of  developing  the  streams  to  their  maximum  econom- 
ical limit.  The  design  of  these  larger  plants  has  made  felt  the  want  of  a 
more  exact  knowledge  than  has  heretofore  existed,  relating  particularly  to 
the  amount  of  power  and  its  best  use.  The  early  books,  treating  more  par- 
ticularly of  the  structures  involved,  were  supplemented  some  half  dozen 
years  ago  by  Frizell's  excellent  book  on  low  head  powers,  and  now  Professor 
Mead  comes  forward  with  a  distinct  advance  along  this  line.  His  book 
embodies  the  best  resume  of  power  investigation  that  has  thus  far  appeared. 
Following  short  chapters  on  the  history  of  the  art,  and  power  and  its 
losses,  fundamental  hydraulics  is  reviewed,  particularly  as  it  affects  the  power 
problem.  This  chapter  contains  some  ingenious  diagrams  for  the  solution  of 
Chezy's  formula,  and  the  complicated  equation  of  Kutter.  It  also  reviews,  in 
diagramatic  form,  the  weir  coefficients  of  Bazin,  and  those  deduced  by 
Rafter  and  Williams  in  the  Cornell  experiments.  The  problem  of  back 
water  is  more  briefly  considered  than  the  importance  of  the  subject  war- 
rants. This  deficiency  should  be  remedied  in  future  editions.  The  method 
outlined  of  observing  actual  existing  coefficients  for  use  in  back  water  com- 
putations is  worthy  of  especial  notice. 

In  the  eight  chapters  following,  relating  to  the  amount  of  power,  lies  the 
strength  of  the  book.  Perhaps  no  water  power  engineer  has  made  better  use 
of  the  valuable  data  recently  collected  by  the  U.  S.  Geological  Survey  than 
has  Professor  Mead,  and  the  graphical  means  outlined  for  the  comparison  of 
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hydrographs   is  believed   to  be   the  best  method   of  approximating  available 
flow  that  we  have  today. 

The  chapter  upon  head  is  excellent,  and,  while  the  general  method  sug- 
gested is  in  use  by  a  number  of  engineers,  the  app]  ,'iical 
diagram,  showing  at  once  the  relations  between  flow  head  |  installa- 
tion, is  new,  ingenious,  and  clear.  This  is  a  matter  must  vitally  affecting  lew- 
head  powers,  and  is  usually  given  insufficient  attention  in  water  power 
studies. 

The  chapters  on  rainfall  and  its  disposal  reviews  the  best  of  the  published 
data,    much    of   it    reduced    to   convenient    diagrams.      In    the   chapl 
stream   Mow  and  measurement  an  admitted  free  use  is  made  of   the   W 
Supply  Papers. 

Chapters  twelve  to  twenty-two  are  devoted  to  the  water  wheel,  which  is 
approached  from  the  standpoint  of  the  user  rather  than  the  designer.  A 
chapter  on  the  classification  and  the  development  of  the  modern  turbine  is 
followed  by  one  on  details.  Both  chapters  are  enlivened  by  many  excellent 
cuts.  Chapter  fifteen,  hydraulics  of  the  turbine,  reduces  the  relation  of  dis- 
charge, head,  power,  diameter,  and  speed  to  convenient  formulae,  and  con- 
tains the  tabulated  wheel  constants  of  nearly  thirty  American  manufacturers, 
evidently  compiled  at  no  small  labor.  Then  follows  turbine  testing,  an  ex- 
cellent chapter  on  the  selection  of  the  turbine,  the  load  curve,  a  mathematical 
discussion  of  speed  regulation,  the  governor,  wheel  settings,  and  appur- 
tenances of  the  water  power  plant. 

The  remainder  of  the  book  is  devoted  to  descriptions  of  a  few  typical 
plants,  a  quite  brief  discussion  of  dams,  well  covered  in  other  publications, 
a  chapter  on  pondage,  and  a  chapter  on  power  cost  containing  some  valuable 
tabular  compilations. 

An  appendix  of  eighty  pages  contains  some  mathematical  discussions 
omitted  from  the  text,  and  full  tabular  data  of  many  turbine  tests.  Then 
follows  last,  but  not  least,  a  good  index. 

The  work  is  presented  in  text  book  style,  with  numbered  articles  and 
formulae;  and  numerous  headings  in  bold  type,  make  it  alike  convenient  to 
the  student  and,  for  reference,  to  the  engineer.  Some  of  the  discussions, 
however,  would  be  clarified  by  more  frequent  paragraphing.  The  type  is 
good,  and  the  illustrations  and  diagrams,  of  which  there  are  some  four 
hundred,  are  nearly  all  well  drawn. 

Each  of  the  twenty-eight  chapters  is  followed  by  a  most  complete  bibli- 
ography relating  to  the  subject  treated,  covering,  in  all,  upward  of  a  thousand 
references  to  curent  literature.  C.  B.  B. 

Engineering  Work  in  Towns  and  Cities  :  By  Ernest  McCullough.  Myron 
C.  Clark  Publishing  Co..  Chicago  and  New  York.  510  pages;  5^  by  8  in. 
Cloth.     Second  edition  1908.     Price  $300  net. 

This  book  is  written  for  the  use  of  Officials,  Boards  of  Improvements, 
and  Engineers  in  towns  and  cities  of  20,000  inhabitants  or  less.  There  are 
14  chapters  of  text,  a  table  of  contents  and  an  index  of  1420  references. 

The  first  chapter  is  on  "The  City  Engineer  and  His  Duties."  followed  by 
seven  chapters  on  municipal  work  under  the  following  headings :  Roads  and 
Streets;  Walks,  Curbs  and  Gutters;  Street  Pavements;  Sanitation;  Drain- 
age and  Sewerage:  Water  Supply  and  Concrete  Work.  Chapter  nine,  takes 
up  Contracts  and  Specifications:  and  chapter  ten.  Miscellaneous  Data,  such 
as  Lighting.  Building  Regulations,  Franchises,  etc  The  last  four  cha] 
cover  Office  Systems,  City  Engineers'  Records,  Field  Work  and  Engineering 
Data. 

In  the  first  chapter  the  author  presents  an  ordinance  defining  the  duties 
of  the  engineer,  which  is  short  and  have-  no  indefinite  understanding. 
Towns  which  have  reached  a  stage  in  their  development  wh.  •  [tfire 

an  engineer  will  find  this  a  model  ordinance.     Ordinano  n  in 

the    chapter    on    Sanitation    regulating    plumbing    w.>rk:    in    'lie    chapter    on 
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Sewerage,  regulating  sewer  connections ;  and  in  the  chapter  on  Roads  and 
Streets,  covering  the  establishment  of  grades. 

The  chapter  on  Contracts  and  Specifications  treats  these  subjects  in  a 
general  way  and  some  good  advice  is  given  to  town  officials  relative  to  the 
essentials  of  a  contract.  Model  specifications  covering  each  class  of  work 
are  given  in  the  chapter  relating  to  that  subject. 

The  last  four  chapters  of  the  book  are  of  especial  interest  to  the  city 
engineer  and  contain  a  great  deal  of  valuable  information  on  office  systems 
and  keeping  up  record?,  followed  by  tables  and  diagrams  required  for  every 
day  use. 

The  author  has  quoted  liberally  from  the  best  writers  on  the  various  sub- 
jects treated,  but  much  of  the  matter  is  the  accumulation  of  his  own  experi- 
ence in  this  kind  of  work.  There  are  a  great  many  drawings  and  tables  in- 
terspersed through  the  text.  The  author  has  endeavored  to  get  out  a  work 
in  which  every  chapter  will  be  an  interest  to  both  the  technical  and  non- 
technical reader,  and  in  this  he  has  succeeded  very  well.  The  type  work 
and  binding  are  excellent.  G.  H.  H. 

The  Principles  and  Practice  of  Surveying:  Volume  II.  Higher  Survey- 
ing. By  Charles  B.  Breed,  Assistant  Professor  of  Civil  Engineering; 
and  George  T.  Hosmer,  Assistant  Professor  of  Civil  Engineering,  Massa- 
chusetts Institute  of  Technology.  New  York,  John  Wiley  and  Sons,  1908. 
Cloth,  6  by  9-in.     432pp,  Price  $2.50. 

The  subjects  included  in  this  volume  are  treated  according  to  the  same 
general  plan  followed  in  the  first  volume  of  this  work:  the  apparent  inten- 
tion being  to  make  the  book  a  manual  of  field  practice,  equally  useful  to  the 
student  for  class  room  work,  and  to  the  practical  surveyor.  As  stated  in  the 
preface,  "It  is  not  the  intention  in  any  sense  to  present  a  treatise  on  Geodesy". 
In  this  respect  the  book  is  not  a  treatise  on  "Higher  Surveying". 

The  volume  is  divided  into  four  parts  as  follows  :  "The  Control  of  the 
Survey".  "Filling  in  Topographic  Details",  "Hydrographic  Surveying  and 
Stream   Gauging'',  and   "Constructing  and   Finishing  Maps". 

Part  I  contains  chapters  on  triangulation,  astronomical  observation^  and 
leveling.  Part  II  includes  a  very  well  written  chapter  on  the  stadia,  the 
discussion  of  which  was  so  noticeably  brief  in  the  first  volume.  In  addition 
are  chapters  on  the  plane  table,  on  the  photographic  method,  and  on  "The 
Relation  of  Geology  and  Topography".  The  author  of  the  latter  chapter 
emphasizes  the  advantage  to  be  derived  from  a  knowledge  of  geology  by  the 
topographer.  The  divisions  of  the  book  devoted  to  hydrographic  surveying 
and  to  mapping  contain  little  that  is  new  in  the  discussions  of  these  sub- 
jects.    There   are  seventeen  tables. 

Every  part  of  the  book  shows  great  care  in  its  preparation.  The  ar- 
rangement is  good  and  while  the  two  volumes  appear  large,  the  size  seems 
to  be  justified  when  the  scope  and  purpose  of  the  work  are  considered.  There 
is  reason  to  believe  that  the  completed  work  will  take  a  high  place  in  the 
literature  on  this  subject.  M.  B.  W. 

Steam  Power  Plant  Engineering.  By  G.  F.  Gebhardt,  Professor  of  Mechan- 
ical Engineering,  Armour  Institute  of  Technology.  6  by  9  ins. ;  816  pages, 
including  index :  461  figures  and  diagrams.  Cloth,  price  $6.00  net.  New 
York,  John  Wiley  &  Sons;   1908. 

After  looking  over  the  twenty-one  well-arranged  chapters,  and  six  ap- 
pendices, contained  in  the  book,  the  reader  feels  that  the  author  deserves  to 
be  congratulated  on  the  thorough  and  simple  manner  in  which  the  numerous 
subjects  are  classified  raid  considered.  As  the  title  would  imply,  the  book  is 
devoted  to  all  classes  of  power  plants  and  central  station  machinery.  It 
contains  a  fund  of  exceedingly  interesting  descriptive  matter  and  data  per- 
taining to  the  mechanical  equipment  usually  found  in  modern  steam-electric 
plant  v 
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The  opening  chapter  is   confined  to  a  general   descriptioi  nttry 

steam   poweer   plants,   and   gives   the    various   common    i\ 
found  in  such  installations.  The  next  chapter  deals  with  the  coi  md 

characteristics  of  solid  and  liquid   fuels,  and  their   combu  ;,ace 

is  also  given  to  the  different  methods  of  firing  boilers  with  fuel  oil,  with  a 
number  of  illustrations  showing  the  various  types  of  oil  burner-  and  fur- 
naces. In  the  succeeding  chapters  the  following  subjects  arc  referred  to: 
Boilers,  smoke  prevention,  furnaces,  stokers,  superheated  steam  aand  super- 
heaters, coal  and  ash-handling  apparatus,  chimneys,  mechanical  draft,  steam 
engines,  steam  turbines,  condensers,  feed  water  purifiers  and  heaters,  pui 
separators,  traps  and  drains,  piping  and  pipe-fitting,  lubricants  and  lubrica- 
tion, finance  and  economics,  testing  and  measuring  instruments.  There  is 
also  a  chapter  on  typical  specifications;  Fisk  St.  Station  of  the  Common- 
wealth Edison  Company  and  a  description  of  the  New  York  Central  & 
Hudson  River  railroad  company's  West  Albany  station. 

The  chapters  applying  to  boilers,  superheated  steam,  and  steam  turbines 
are  especially  worthy  of  note,  as  they  contain  among  other  things,  numerous 
curves  taken  from  recent  tests  by  different  authorities.  The  figures  and 
diagrams  throughout  the  book  are  exceptionally  clear  and  simple,  as  is  also 
the  printing. 

In  his  preface  the  author  draws  attention  to  the  fact  that  the  book  is 
the  outcome  of  a  series  of  lectures,  and  that  it  was  primarily  intended  as  a 
text  for  engineering  students.  It  appears  especially  well  adapted  to  that  use. 
While  the  different  subjects  are  treated  in  an  elementary  way,  there  is  enough 
every-day  power  plant  information  to  make  the  book  a  valuable  adjunct  to 
the  libraries  of  practicing  aand  operating  engineers. 

On  page  598,  Chapter  XV,  various  rules  for  determination  of  safety  valve 
areas  are  given,  one  of  which  applies  to  the  regulation  of  the  United  States 
Supervising  Inspectors  of  steam  vessels.  This  rule  was  outlawed  in  January, 
1904,  and  the  superseding  regulation  takes  into  consideration  the  amount  of 
steam  actually  generated  to  determine  the  valve  area,  instead  of  basing  it 
on   the  amount  of  grate  surface. 

Included  in  the  appendices  are  the  A.  S  M.  E.  rules  governing  the  testing 
of  boilers  and  engines,  also  steam  and  miscellaneous  conversion  tables. 
At  the  termination  of  paragraphs,  where,  for  lack  of  space  additional  matter 
could  not  be  given,  there  is  appended  reference  to  different  authorities  and 
technical  publications. 

In  general,  the  book  is  very  creditably  written,  and  as  a  ready  reference 
it  should  be  given  serious  consideration  by  engineers  and  others.      F.  T.  C. 

Concrete  System.     By  Frank  B.   Gilbreth.     Xew   York,  Engineering   News 

Pub.    Co.      1 90S.     Flexible    leather,    n %    in.   by  8   in.,   oblong;    pp.    1S2; 

10  folding  plates,  and  over  200  half-tone  illustrations.     Price  $5.00. 

This  book,  by  the  author  of  "Field  System",  bears  a  close  analogy  to 
the  earlier  work,  but  differs  from  it  in  that  this  relates  to  concrete  building 
work  specifically. 

As  in  the  earlier  work,  the  book  was  written  primarily  for  the  benefit 
of  the  building  organization  of  the  author,  but  there  is  so  much  of  value  in  it 
that  it  has  been  published  for  the  benefit  of  the  engineering  pi 

The  book  is  not  an  analytical  treatise  of  concrete,  nor  of  the 
calculations  for  designing  beams,  dabs,  columns,  etc  of  this  material,  but 
is  mostly  a  series  of  rules  for  the  use  of  Superintendents,  Foremen  and 
Workmen,  the  result  of  extended  experience  in  concrete  construction,  the 
following  of  which  rules  will  assist  in  securing  the  best  work  and  at  the 
least  expense  to  the  contractor.  These  rules  are  accompanied  in  many 
cases  with  illustrations  to  assist  in  making  them  clear,  and  in  a  general 
way  the  compilation  of  these  rules   seems   admissible. 

As  a  suitable  supplement  to  the  main  part  of  the  work,  there  is  intr. 
the    "The    Standard    Methods    ,,f    Conducting    Cement     I 
by  the  American    Society  of  Civil   Engineers,   and  the  "Standard    Specifica- 
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tions  for  Cement",  as  prepared  by  the  American  Society  for  Testing  Ma- 
terials. It  is  well  to  have  these  two  important  matters,  as  proposed  by  such 
eminent  authorities,  introduced  into  the  book  as  being  pertinent  to  the 
subject. 

Other  subjects  treated  are  the  "Finishing"  (of  surfaces)  and  the  making 
of  "Cast  Stone",  which  is  often  employed  to  advantage  in  connection  with 
stone  or  brick  masonry  as  well  as  monolithic  concrete  construction. 

An  interesting  chapter  relates  to  the  manufacture  and  driving  of  concrete 
piles  for  foundations.  When  these  can  be  used  satisfactorily  there  can  be 
nothing  better,  though  it  is  questionable  if  they  could  take  the  place  of  the 
concrete  piers  as  used  in  Chicago  for  heavy  buildings,  and  which  extend 
up  from  bed  rock,  one  hundred  feet  if  necessary,  through  the  soft  clay 
underlying  this  city. 

The  value  of  concrete  to  resist  the  action  of  the  heat  of  a  fire  is  of 
interest,  whether  the  structure  contains  reinforcing  metal  or  otherwise. 
Tests  have  been  made  to  shed  some  light  on  this  subject.  Certain  tests  have 
been  made  and  reported  in  this  book  with  many  illustrations,  which  are  a 
valuable  contribution  to  our  knowledge  of  this  matter. 

The  latter  part  of  this  book  contains  a  very  full  account  of  that  notable 
reinforced  concrete  business  block  built  for  the  McGraw  Publishing  Com- 
pany, with  Mr.  \Y.  H.  Burr,  M.  A.  S.  C.  E.,  as  Consulting  Engineer. 
This  is  illustrated  with  ten  folding  plates,  besides  many  half-tone  engravings, 
showing  how  the  work  was  managed,  which  was  admirable  from  all  accounts 
and  redounds  greatly  to  the  credit  of  the  contractor  and  his  organization. 

We  hear  frequently  of  'team  work",  whether  en  the  football  field  or 
in  construction  work,  and  this  book  is  an  example  of  how  a  contractor  can 
organize  and  discipline  his  force  of  assistants  and  workmen  to  do  most 
effective  "team  work",  to  obtain  satisfactory  and  economical  results.         W. 

Alloys,  (Non-Ferrous).  By  A.  Humboldt  Sexton,  F.  I.  C,  F.  C  S.,  etc. 
The  Scientific  Publishing  Company,  Manchester,  England.  Cloth,  5^4  in. 
by  8^4  in.,  pp.  284  and  index;  137  illustrations  and  diagrams.  Price 
7s.  6d.  net. 

This  book  contains  a  great  deal  of  valuable  information  pertaining  to  the 
alloys  used  mostly  in  modern  shop  work,  consisting  of  copper,  zinc,  tin,  lead, 
etc.  in  varying  proportions  and  usually  known  as  brass,  bronze,  white 
metal,  etc. 

There  is  a  good  introduction  explaining  the  nature  of  alloys  and  solu- 
tions of  metals  in  other  metals,  which  solutions  may  contain  many  varying 
ratios  of  the  constituents ;  also  explaining  how  these  mixtures  are  to  be 
studied  by  chemical  analysis  and  by  the  aid  of  the  microscope;  also  a  study 
of  their  physical  characteristics,  as  well  as  the  phenomena  of  fusion  and 
solidification. 

There  is  a  chapter  on  the  metals  used  in  the  preparation  of  alloys,  with 
a  classification  of  the  best  known  alloys  and  the  most  important  of  these — 
the  brasses,  the  bronzes,  the  white  alloys,  the  fusible  alloys,  those  of  the 
precious  metals,  etc. — are  elaborated  upon  in  some  eight  or  nine  chapters. 

The  last  chapter,  the  fifteenth,  relates  to  the  preparation  of  alloys  and 
contains  some  very  interesting  matter  pertaining  to  the  melting  and  mixing 
of  the  constituents,  with  illustrations  of  various  forms  of  furnaces  and 
with  data  as  to  cost  of  fuel,  whether  solid,  liquid  or  gaseous,  and  their 
relative   merits. 

The  microstructure  of  metals,  a  comparatively  recent  method  of  study- 
ing metals  and  their  alloys  by  the  aid  of  the  microscope,  is  referred  to 
frequently  by  the  author  with  views,  photographic  illustrations,  of  various 
alloys. 

Altogether  the  work  is  an  interesting  and  valuable  one.  W. 

Surveyor's  Hand  Book.  By  T.  U.  Taylor,  Professor  of  Civil  Engineering 
in  the  University  of  Texas,   etc.,  etc.;   310  pages.     4^  by  6}i  ins.     116 
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figs.      Tables    of    logs,    trigonometric    functions,    etc.      Flexible 
binding,  pocket  book   form.     $3.00.     Published   by   the 
Publishing  Company,  Chicago  and  New   York 

This  book  is  remarkable  for  its  conciseness.     Brevity  is  oftentimes 
when  a  thing  is  stated  in  so  incomplete  form  that  statements  irily 

brief.     In   this   hook,   however,   brevity   is   attained   with 
pleteness. 

The  book  is  a  true  pocket  book  for  surveyors  and  is  at  the  same  tin 
complete  that  it  can  well  be  used  as  a  text  book  in  nine-tenths  of  the  1 
neering  schools.     The  present  tendency   in  these  days  of  ■  ngi- 

neering  courses  is  towards  verbosity  in  treatises  on  survi 
is   carried   by   erratic   leaps   through   a    too   complete  text  book,   getting  only 
a  smattering  in  the  school  ;   it  being  supposed  he  will  read  up,  a-,  indeed  he 
must,  after  leaving  school. 

This  book  is  concise  enough  to  be  used  as  a  text  without  skipping 
parts  and  at  the  same  time  can  be  afterwards  used  in  the  field  tor 
ready  reference  The  chapters  in  their  order  are:  I.  Chain  Surveying. 
II.  Compass  Surveying.  III.  Transit  Surveying.  IV".  Calculatioi 
Areas.  V.  Division  of  Land.  VI.  Leveling.  VII.  Topographic  Sur- 
veying. VIII.  Railroad  Surveying.  IX.  Earthwork.  X.  Citv  Survey- 
ing. XI.  Plotting  and  Lettering.  XII.  Government  Surveying.  XI 11. 
Trigonometric   Formulas.     XIV.     Tables. 

Elkctkicai.  Illuminating  Engineering.  By  W.  E.  Barrows,  Jr..  Assistant 
Professor,  Electrical  Engineering,  Armour  Institute  of  Technology.  The 
McGraw  Publishing  Company,  Xew  York.  1908.  Cloth;  ;J..  I>y  8' .•  in, 
216  pages,  illustrated.     Price,  $2.00  net. 

This  book  is  stated  in  the  preface  by  its  author  to  have  had  its  origin 
in  a  set  of  notes  compiled  for  use  in  his  classes.  As  there  was  no  thought 
of  publishing  the  material  at  the  time  it  was  compiled,  no  record  was  made 
of  the  sources  of  information  This  is  unfortunate  because  in  many  c 
the  subjects  treated  are  necessarily  dealt  with  so  briefly  that  the  student 
would  find  it  an  advantage  to  have  a  reference  to  the  original  sources  of 
information,  where  he  might  study  the  various  points  more  thoroughly,  if 
so  inclined. 

As  is  stated  by  the  author,  the  size  of  the  book  necessarily  prohibits 
descriptive  detail.  The  first  chapter,  on  "Light  and  Color,"  takes  up  the 
questions  of  reflection  coefficients  of  different  surfaces,  intrinsic  brilliancies 
of  various  light  sources,  foot-candles  required  for  satisfactory  illumination, 
and  the  spectrum  of  various  light  sources.  The  chapter  on  "Units  of  Illum- 
ination and  Photometry"  is  a  combined  summary  of  definitions  of  units 
and  brief  descriptions  of  various  kinds  of  photometers.  The  former  are 
timely  and  in  convenient  reference  form.  It  is  doubtful  whether  the  latter 
are  sufficiently  complete  to  be  plain  to  the  student  going  over  this  subject 
for  the  first  time,  but  they  at  least  indicate  the  general  types  available  and 
open  the  way  for  further  study.  One  chapter  is  given  to  spherical  photom- 
etry and  integrating  photometers.  In  this  is  taken  up  the  use  of  the 
Rousseau  diagram  for  the  calculation  of  mean  spherical  candle-power.  The 
recent  method  suggested  by  Dr.  Kennelly  is  also  given  considerable  space. 
As  an  indication  of  how  rapidly  improvements  in  illuminating  engineering 
methods  are  being  made,  it  is  interesting  to  note  that  both  the  Rousseau  and 
the  Kennelly  methods  have  been  recently  displaced  in  engineering  offices 
where  time  is  an  object  by  the  use  of  the  flux  polar  diagram;  this  develop- 
ment doubtless  having  taken  place  since  this  manuscript  left  the  author's 
hands.  Part  of  this  chapter  is  also  given  to  spherical  photometers  of  the 
Matthews  and  hollow-sphere  types.  The  chapter  on  "Standards  of  Illum- 
inating Power"  takes  up  briefly  the  various  standards  which  haw  found 
favor  from  time  to  time.  A  long  chapter  is  given  to  "Incandescent  Lamp-," 
dealing    with    the   characteristics    of   various    types    as    to   life,    candl 
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and  distribution  of  light.  Arc  lamps,  naming  arc  lamps  and  vapor  lamps 
are  also  dealt  with  in  similar  chapters.  A  short  chapter  on  "Shades  and 
Reflectors"  gives  some  of  the  characteristic  distributions  obtainable  with 
some  of  the  commoner  types  of  glassware.  A  long  chapter  is  given  to 
"Illumination  Calculations"  the  latter  part  being  of  considerably  more 
theoretical  than  practical   interest. 

If,  as  is  indicated  in  the  preface,  the  book  is  intended  as  a  basis  for  a 
short  course  in  illuminating  engineering,  one  cannot  help  wonder  what  must 
be  the  state  of  mind  of  the  student  who  must  attempt  to  cover  so  much 
ground  as  that  covered  in  this  book  in  a  short  time  in  such  a  hasty  manner 
as  it  is  there  touched  upon.  On  the  other  hand,  if  it  is  to  be  used  as  a  series 
of  suggestions  for  the  instructor,  who  elaborates  the  various  points  in  lec- 
tures as  he  goes  along,  it  should  be  of  considerable  value,  in  an  extended 
course.  J.  R.  C. 

Public  Water  Supplies,  Requirements,  Resources,  and  the  Construction  of 
Works.  By  Professor  F.  E.  Turneaure  and  Prof.  H.  L.  Russell,  of  the 
University  of  Wisconsin,  with  a  chapter  on  Pumping  Machinery,  by 
Prof.  D.  W.  Mead,  University  of  Wisconsin,  Madison,  Wis.  Second  edi- 
tion, revised  and  enlarged.  Cloth,  6  by  9  inches;  pp.  808  including  index; 
231  illustrations,  many  tables  and  diagrams.  Price  $5.00.  John  Wiley  & 
Sons,  New  York,  1908. 

This  is  a  second  edition  of  a  book  that  was  brought  out  in  1901,  which 
at  that  time  was  the  most  notable  work  on  this  braanch  of  engineering. 

The  arrangement  of  the  various  phases  of  this  interesting  subject  seems 
logical,  as  Chapter  I,  Introduction,  gives  a  historical  sketch  of  water  works 
in  general,  and  shows  the  value  and  importance  of  a  public  supply  of  water. 
Then  follows  Part  I,  Requirements  and  Resources,  subdivided  into  A,  Quan- 
tity of  Water  Required — Sources  of  Supply ;  B,  Quality  of  Water  Supplies. . 
Part  II  takes  in  the  Construction  of  Water  Works,  with  Chapter  XI,  Water- 
works Construction  in  General,  and  Chapter  XII  on  Hydraulics. 

These  are  followed  by  several  chapters  under  "A" — Works  for  the  Col- 
lection of  Water ;  under  "B" — Works  for  the  Purification  of  Water,  and 
under  "C" — Works  for  the  Distribution  of  Water.  The  general  treatment 
of  this  subject  of  Public  Water  Supplies  is  broad  and  comprehensive.  One 
excellent  feature  of  the  book  is  an  appendix  to  almost  every  one  of  the 
twrenty-nine  chapters  it  contains,  which  under  the  caption  "Literature"  gives 
a  list  of  books  and  articles  in  technical  papers,  etc.,  relating  to  the  subject 
of  that  chapter.  These  bibliographical  notes  are  of  great  service  to  anyone 
who  wishes  to  read  up  further  on  subjects  connected  with  water-works. 

Altogether  the  work  is  a  very  comprehensive  one  and  of  great  value  to 
those  interested  in  water-works.  W. 

Electric    Motors,    Their    Insulation,    Control,    Operation,    and    Main- 
tenance.    By  Norman  G.   Meade.     Cloth,  5  by  7%  ins.,  159  pages,  many 
illustrations  in  the  text.     Price  $1.00.     McGraw  Pub.  Co.,  New  York.  1908. 
The  author  in  his  introduction  states  that  his  object  has  been  "to  explain 
the  phenomena  of  electric  motors,  describe  the  leading  types  of  motors  and 
appliances,  give  suggestions  in  a  practical  manner  for  their  installation,  care, 
and  management,  for  the  use  of  practical   men." 

In  Chapter  I  the  author  defines  briefly  the  meaning  of  the  term  "motor" 
and  states  briefly  the  electrical  and  magnetic  actions  raking  place.  The  effect 
of  armature  reaction  upon  commutation  in  direct  current  motors  is  dis- 
cussed, with  the  aid  of  suitable  diagrams.  The  effect  produced  in  the  short 
circuited  coil  in  an  armature  by  the  distortion  of  the  field  flux  and  shifting 
of  the  brushes  is  very  briefly  mentioned,  and  a  very  brief  description  of  the 
action  in  the  induction  motor  is  given,  with  some  of  the  principal  charac- 
teristics enumerated. 

A  chapter  is  devoted  to  a  classification  of  the  different  types  of  direct 
current   and   alternating   current   motors.   The  different  types  in  general   use, 
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together  with    the   important   characteristics   and    peculiarities   of   each    rj 
are  described.     The  author  emphasizes  the  fact  that  certain  types 
daily  applicable  to  certain  classes  of  work.     A  shorl   space  in  the  c 
devoted  to  the  description  of  the  electric  and  magnetic  phenomena  in  "liitcr- 
pole"    and    various    types    of    motors    designed    for    wide    speed    r 
A  description  is  also  given  of  tin-  principal  types  of  indue! 
synchronous  motors. 

Another   chapter    is    devoted    to    the   description    of   control    and    si 
devices.     The  elementary  principles  which  determine  the  selection 
types    of    control    apparatus    for    particular    services    are    discussed,    and 
text  is  illustrated  by  cuts  of  commercial  rheostats  and   startii  \ 
diagrams    of    connections    of   the    more   common    forms   of 
author  perhaps  has  made  a  mistake  in  not  explaining  in  in 
the  diagrams,  as  in  some  cases  the  paths  of  the  current  could  i  idily 

traced  by  one  not  familiar  with  the  subject.     A  brief  discussL 
the   various   combinations  of  motor-generator   sets   and   their  application   to 
commercial   service. 

The    author    emphasizese    the    fact    that   careful    consideration    should    be 
given   to   the   installation   and   suitable   mounting  and   connecth 
as  the  successful  operation  and  efficiency  of  an  electric  plant  may  be  seriously 
impaired  by  inefficient  work  in  this  respect,     lie  describes  the  detaii 
mounting  and  wiring,  omitting,   however,   any  reference  to  the  calculations 
necessary  to  the  proper  selection  and  installation  of  motors. 

Under  the  heading  "Operating  Hints"  instructions  are  given  for  the  test- 
ing of  new  motor  installations.  Some  of  the  symptoms  of  the  more  serious 
motor  troubles  and  the  methods  of  testing  for  the  same  are  described.  In- 
structions are  given  for  the  maintenance  of  motors  and  auxiliary  apparatus. 
The  last  chapter  of  the  book  is  devoted  to  the  description  of  methods  of 
repairing  direct  current  armatures.  No  space  has  been  devoted  to  the 
description  of  repairs  on  alternating  current  apparatus  or  their  auxiliaries. 
The  author  emphasizes  the  fact  that  the  economical  operation  of  the  repair 
shop  and  its  ability  to  quickly  execute  the  necessary  repairs  is  a  subject  of 
importance  to  every  industrial  plant  using  electrical  power.  He  describes 
the  requirements  of  an  average  sized  shop,  and  goes  into  some  detail  in 
the  description  of  repairs  to  commutators,  methods  of  winding  direct  cur- 
rent armatures,  etc.  The  last  few  pages  of  the  book  are  devoted  to  various 
tables  for  use  in  connection  with  elementary  electrical  calculation*.  In  these 
tables  some  of  the  principal  formulas  are  absent,  and  the  symbols  in  some 
of  the  others  are  not  clearly  defined. 

In  that  portion  of  the  book  dealing  with  the  general  type-  of  motors 
and  their  applications  the  author  has  described  most  of  the  important  ones. 
However,  he  has  not  mentioned  railway  installations,  which  are  among  the 
most  important  of  the  applications  of  motor  power.  This  is  to  be  regretted, 
in  view  of  the  fact  that  a  large  part  of  all  electric  power  is  used  in  railway 
service.  In  the  space  devoted  to  control  apparatus  the  different 
rheostats  and  controllers  are  described  completely  enough  for  a  general 
understanding  of  their  application  to  special   services. 

The  book  in  general   enumerates  most  of  the  important  elementary  con- 
siderations, although   nowhere  has  the   author  gone   into  I  lil.     Tin- 
book   is   clearly   elementary.      Tt   contains   nothil  f                 •   the    mar: 
experience    with    motor-    and    similar    apparatus,    hut    coi 
collection  of  the  basic  principles  involved  in  the  application,  maintenance,  and 
repairs  of  electric  motors  and  auxiliary  apparatus.                               E.  I 

Smoley's  Tables,  Parallel  Tables  of  Logarithms  and  Sqi  ';les 

axd   Logarithmic    Functions,   corresponding   I  bevels,    together 

with  a  complete  set  of  Five-Decimal  Logarithm  -Trigonometric    I 
By   Constantine    Smolev.     Fifth    edition,    revised.      Flexible   m 
by  7  inches,  448  pp.     the  Engineerin.L,'  News   Publishing  Co.,  New  York. 
1908.     Price  $3.50. 
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This  is  a  set  of  tables  for  the  use  of  engineers  and  architects  and  is  par- 
ticularly applicable,  at  least  in  some  parts,  to  the  bridge  and  steel  structural 
designer  and  draughtsman. 

The  first  portion  of  the  book  and  occupying  some  300  pages,  consists  of 
a  series  of  lengths  of  feet,  inches  and  fractions,  beginning  at  1-32  inch  and 
increasing  by  a  constant  difference  of  the  same  quantity  through  inches 
and  feet  up  to  fifty  feet.  Tn  parallel  columns  with  these  lengths,  will  be 
found  their  logarithms  and  squares.  This  table  has  been  extended  since  the 
first  edition  with  variations  by  1-16  inch,  from  fifty  feet  up  to  one  hundred 
feet,  and  with  the  parallel  columns  of  squares  and  logarithms. 

There  are  many  uses  to  which  such  tables  can  be  applied,  particularly 
in  the  solution  of  triangles,  the  determination  of  dimensions  of  unknown 
sides,  etc.  In  the  Engineering  News  of  December  25,  1902,  there  is  an  article 
by  Mr.  T.  D.  Davis  on.  "Some  Convenient  Methods  by  Their  Use." 

Following  these  tables  are  fourteen  pages  of  tables  of  angles  and  logar- 
ithmic functions,  corresponding  to  bevels  and  slopes,  given  to  a  base  of 
twelve  inches.  These  bevels  vary  by  1-32  inch  from  1-32  to  twelve  inches 
and  the  logarithmic  functions  consist  of  the  Sine,  Cosec,  Tang.,  Cotang., 
Cosine.,  and  Sec.  The  tables  also  includes  the  value  of  the  angle  of  the 
bevel,  as  measured  in  degrees,  minutes  and  seconds. 

Another  table,  also  of  value  to  the  bridge  draughtsman,  is  a  multiplica- 
tion table  for  rivet  spacing.  The  base  of  this  is  the  pitch  of  the  spacing  and 
is  from  i1^  inches  to  6  inches,  varying  by  eighths.  The  multiplier  is  the 
regular  series  of  numbers  from  unity  to  thirty.  The  product  is  given  in 
feet,  inches  and  fractions. 

Another  table  is  that  of  Decimal  Equivalents,  of  all  linear  distances 
less  than  12  inches,  varying  by  1-32  in. ;  as  decimals  of  a  foot.  Another 
extensive  table  is  that  of  logarithms  of  numbers  up  to  10000,  to  five  places 
of  decimals.  This  is  followed  by  a  table  of  logarithms,  to  five  places,  of 
trigonometrical   function. 

In  conclusion  there  is  a  table  of  natural  trigonometrical  functions  from 
zero  to  45  degrees,  varying  by  10  minutes. 

The  paper  and  the  typography  is  excellent  and  the  book  would  stand  a 
great  deal  of  usage  on  the  desk  or  draghting  table.  W. 

Audels'  Gas  Engine  Manual.    Theo.  Audel  &  Co.,  Publishers,  New  York 

1908.     Cloth,  5^4  by  8*4  ins.     XXIV+409  pages,  including  index  and  156 

illustrations.     Price  $2.00. 

As  may  be  inferred  from  the  title,  this  book  contains  much  that  is  in- 
structive and  useful  for  one  who  desires  to  know  about  the  gas  engine. 
It  contains,  in  fact,  too  much  information  on  too  many  different  subjects  to 
be  of  real  value  to  the  person  who  is  already  well  versed  in  gas  engines, 
their  theory  and  operation. 

It  is  difficult  for  one  to  determine  what  is  really  new  in  the  book.  When 
one  looks  for  important  data  on  any  one  of  the  types  of  gas  engines  de- 
scribed, he  is  unable  to  find  it.  Thirty  pages  are  devoted  to  indicator 
cycles,  and  indicator  diagrams  and  several  diagrams  are  given  which  may 
have  been  taken  from  actual  engines,  but  there  is  no  diagram  heading, 
"Taken  from  a  Three-Cylinder  Westinghouse  Vertical  Engine" ;  "Taken 
from  a  60  H.  P.  Otto  Horizontal  Engine",  or  "Taken  from  a  Tandem 
Burger  Engine". 

It  is  of  value  to  know  the  best  and  most  effectual  way  of  silencing  the 
exhaust  of  a  large  gas  engine,  but  so  far  as  one  may  infer  from  the  test,  he 
has  only  to  say  "Be  Silent"  and  there  will  be  silence.  A  good  manual 
should  give  as  complete  a  description  of  the  silencer  as  of  the  governor.  The 
same  criticism  may  be  made  as  to  the  weights  of  various  types  and  makes 
of  engines. 

The  cuts  and  illustrations  are  well  gotten  up  and  bring  out  the  objective 
points  most  positively.  To  be  sure,  there  are  cuts  of  some  engines  no  longer 
built  and  cuts  of  some  of  our  best  types  are  omitted. 
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The   recent  development  of  Gas   Producers  is  of  such   great  importance 
that  a  chapter  of  only  eighteen  pages  seems  inadequate  for  the  subject. 
The  book  is.  upon  the  whole,  worth  looking  over,  bul 

be  of  real  value  in  a  library.  II    |. 

Elementary   Dynamics,  A  Brief  Course  in;    for  students  of   Engineering. 

By  Ervin   S.   Ferry,  Professor  of  Physics,   Purdue    University,   Lai 
Ind.     The   Macmillan    Company,   New   York.     1908.     Cloth,  6 
pp.    182,    including  index   and  tables,   with    121    figures   through   the  text 
Price  $1.25  net. 

This  book  gives  a  brief  and  well  arranged  course  in  elementary  dyn 
It    is^   intended    primarily     for    students    in    engineering,    and   to   this 
selection    of    illustrations    and    examples    bears    evidence,    but    thesi 
carefully  chosen   with  a   view   to  their   broad    and  present-day   interest,   that 
the  book  is  likely  to  be  found  of  general   service  in 

Following  a  chapter  on  fundamental  notions  are  two  chapters  on  statics 
and  seven  on  kinetics.  Especial  attention  may  be  directed  to  the  chapter 
on  the  composition  and  resolution  of  forces  and  to  that  on  the  motion  of  a 
body  under  the  action  of  a  torque.  A.  \\  .  M. 

Fowler's  Mechanical  Engineer's  Pocket  Book,  1909.  By  Win.  H.  Fow- 
ler, Mem.  Inst.  Mech.  Engs.  4  by  6  inches,  669  pp.,  many  tables  and 
illustrations.  Leatherette  binding  with  gilt  edges.  Price  2s.  6d.  net. 
The  Scientific   Publishing  Co.,  Manchester.  Eng. 

This  is  the  eleventh  annual  edition  and  contains  the  matter  of  previous 
editions  with  additions  to  bring  it  up  to  date. 

The  book  has  that  objectionable  feature  (in  our  eyes),  so  common  in 
this  class  of  English  publications,  of  containing  a  great  deal  of  advertising 
matter,  but  when  the  publshers  explain  that  it  is  this  feature  which  enables 
them  to  put  forth  so  valuable  a  book,  well  printed,  and  bound,  at  a  cost 
to  our  readers,  in  the  United  States,  of  perhaps  about  seventy-five  cents 
(2s.  9d.),   surely  we   can    "skip   the  ads.'',   if  they  are   not  interesting 

This  work  follows  the  lines  usual  to  such  publications,  with  tables  of 
measurements,  weights,  conversion  factors,  mensuration,  areas  of  circles, 
tables  of  squares,  etc.,  logarithms,  weights  of  metals  in  sheets,  bars  etc., 
surface  speeds  of  rotating  bodies,  etc. 

Then  comes  a  section  pertaining  to  steam  boilers  and  fittings,  with  rules, 
formulae  and  tables.  This  is  followed  by  fuels  and  combustion,  with  data 
on  thermic  values  and  composition  of  coals,  gaseous  fuels,  etc.,  and  in- 
cludes the  subject  of  chimneys,  draft,  etc.  Considerable  space  is  given  to 
steam  engines,  turbines,  locomotives,  valves  and  valve  gears,  etc.  Another 
section  takes  up  the  subject  of  gas  engines  and  is  followed  by  one  on  the 
gases  for  such  motors. 

Hydraulics,  pumps,  gearing,  lubrication,  hoisting,  and  lifting  machinery, 
metaulurgy  of  metals  and  alloys  and  other  subjects  of  interest  to  the  me- 
chanical   engineer,    all   receive    some    attention    in   this   handy   little    volume. 

W. 

A  Text  Book  on  Roads  and  Pavements.  By  Frederick  P.  Spalding  .Pro- 
fessor of  Civil  Engineering,  University  of  Missouri.  John  Wiley  & 
Sons,  New  York.  1908.  3rd  edition.  Revised  and  enlarged,  5  by  7  ins., 
348  pp,  51  figs.     Several  tables.     Price  $2.00. 

The  author  says  in  the  preface  that  the  methods  employed  in  the  con- 
struction and  maintainance  of  highways  have  changed  so  greatly  since  the 
first  publication  of  the  book  that  this  edition  is  a  practically  rewritten  book. 
In  it  he  has  briefly  represented  the  most  recent  practice  in  highway  work. 
There  are  eleven  chapters  taking  up  each  of  the  materials  mosl  used  ii: 
road  and  street  improvement  and  the  last  chapter  deals  entirely  with  city 
streets.  The  work  is  very  well  done,  but  after  all  it  is  just  what  the  author 
has    named    it    "A    Text    Book"    and   the   needs    of   the    student    have 
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considered  first.  It  has  no  index  and  the  table  of  contents  hardly  supplies 
the  need.  If  this  book  were  supplied  with  a  complete  index  it  would  be  a 
very  good  book  for  the  library  of  the  civil  engineer.  It  is  really  up  to 
date  and  every  man  concerned  in  the  construction  and  maintainance  of  roads 
and   streets  will  find   something  in   it   of  value.  E.    M. 

Fowler's  AIechanic's  and  Machinist's  Pocket  Book  and  Diary,  1909. 
By.  Wm.  A.  Fowler,  M.  E.  The  Scientific  Publishing  Co.,  Mancheseter, 
England.     4  by  6  inches.     446  pp.  in  boards.     Price  6d  net. 

This  book  contains  "A  Synopsis  of  Practical  Rules  for  Fitters,  Turners, 
Millwrights,  Erectors,  Pattern  Makers,  Foundrymen,  Draughtsmen,  Ap- 
prentices, -Students,  Etc. 

"'Although  the  book  is  designed  primarily  for  the  workman,  its  pages 
contain  many  useful  notes  and  hints  which  Managers,  Foremen  and  Draughts- 
men  will  probably  find  occasionally  of  service." 

It  is  interesting  to  note  that  the  compiler,  Mr.  Fowler,  has  borrowed 
material  from  those  excellent  papers  the  "American  Machinist"  and  the 
"American  Machinery",  as  well  as  from  the  "Mechanical  Engineer",  of 
Manchester.  Theere  is  much  in  the  book  that  would  have  been  highly 
appreciated  and  made  use  of,  by  the  reviewer,  had  it  been  available  in  his 
"apprentice  days." 

There  is  an  index,  which,  howeved,  is  somewhat  marred  by  the  printing 
of  advertisements  on  alternate  pages.  Beginning  with  the  usual  signs  and 
symbols,  tables  of  squares,  cubes,  roots,  areas  and  circumference  of  circles, 
weights  and  measures  and  metrical  equivalents,  weight  of  metal  in  bars, 
balls,  etc.,  there  follows  a  section  devoted  to  mensuration,  geometry  and 
trigonometry.  Next  comes  a  section  on  "Machine  Construction"  with  a 
description  of  materials  employed,  various  alloys,  etc.,  their  proportions  and 
strength.  This  is  followed  by  "Machine  Tool  Designs",  with  many  illus- 
trations and  tables  that  are  interesting  and  valuable.  The  succeeding  chap- 
ter gives  "Proportions  of  Machine  Tool   Parts",  illustrated  and  tabulated. 

"Metal  Cutting  Tools",  a  subject  which  has  been  under  revision  and  dis- 
cussion of  late  years,  is  next  taken  up,  with  instructions  as  to  shaping, 
grinding  and  tempering  of  metal  cutting  tools.  The  "Drilling  and  Boring 
of  Metal"  is  then  considered  with  sundry  illustrations  and  tables.  "Screw 
Threads,  Screw  Cutting  and  Taper  Turning"  occupies  several  pages,  includ- 
ing tables  and  illustrations.  Maany  other  matters  of  a  practical  value  to 
mechanicians,  etc.,  are  to  be  found  in  this  little  volume,  "too  numerous  to 
mention." 

The  Diary,  at  the  end  of  this  book,  consists  of  26  pages  with  space  for 
brief  notes,  for  the  week  days  of  the  year.  The  book  is  well  worth  the 
moderate  price  to  those  interested  in  mechanical  engineering,  shop  work 
and  the  like. 

Sewer  Construction.  By  Henry  N.  Ogden,  C.  E.,  Professor  of  Sanitary 
Engineering,  Cornell  University.  John  Wiley  &  Sons,  New  York.  336 
pp.,  6  by  9  ins.     192  illustrations  and  many  tables.     Cloth.     Price  $3.00. 

This  book  is  an  amplification  of  a  course  of  lectures  given  to  students 
of  Civil  Engineering  specializing  in  sanitary  engineering.  It  is  an  excellent 
work  and  worth  the  price  asked.  It  has  a  most  complete  index  and  is  good 
as  a  work  of  reference  It  follows  the  author's  work  on  Sewer  Design,  so 
contains  nothing  but  descriptive  matter  connected  with  actual  sewer  con- 
struction work. 

There  are  twenty  chapters,  as  follows:  I.  Terra-cotta  Pipe.  II.  Tera- 
cotta  Pipe  (continued).  III.  Brick  Sewers.  IV.  Concrete  Sewers.  V. 
Concrete  and  Brick  Sewers.  VI.  Reinforced  Concrete  Sewers.  VII.  Man- 
holes. VIII.  Catch-Basins.  IX.  Siphons.  X.  Screens.  XL  Storm- 
water  Overflow?  and  Regulators.  XII.  Bell  Mouths.  XIII.  Foundations. 
XIV.     Outfall  Sewer-.     XV.     House  Connections.     XVI.     Sun.-eving.    XVII. 
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Trenching.     XVIII.     Estimates  and  Costs.     XIX.     Specifications  and  I 

tracts. 

The   text    is   clearly    written    and  the    illustrations  llent.      Such   a 

book  has  been  greatly  needed  bv  engineers  A,,rk  and 

arrangement   reminds   one  of  several   excellent    Eoi   ign   works,  nol 
particularly  in  this  country  because  of  differences  in  practice.     As  a  tr< 
on  the  best  American  practice  of  today  in  sewer  construction  it  can 
mended. 

The  appearance  of  the  book  is  in  harmony  with  the  work 
the  publishers,  who  have  excellent  taste  in  the  selection  of  bindings 
employ  binders  that  know  how  to  bind  a  hook.  '    I-.    M 

Telephone  Construction   .Methods  and  Cost.     By  Clarence  Mayer    Cloth, 

6  by  9   ins.      284   pp.,   including    index.      Mure    than    100   illustt 
many  tables.     Price  $3.00.     Myron  C.  Clark  Publishing  Co.,  Cfa 
Xew  York.     1908. 

The  need   for   a   work   dealing   with   costs   of   telephone   construction    has 
long  been  felt;   much  more  so  than  the   need   of  a  1 k  (-11   telephone  con- 
struction  methods.     The   fact,   however,   that    ii    would   be   almi 
to   adequately  treat  the   subject   0                 without    outlining   the   method 
which  such  costs  apply  is  ample  warrant   for  the  inclusion  of  the  somewhat 
detailed  description  of  methods  as  found  in  the  work  under  consideration. 

Mr.  Mayer's  former  employment  as  Cost  Statistician  of  one  of  the  very 
large  telephone  operating  companies  would  seem  to  speak  well  for  In- 
ability to  deal  with  this  difficult  and  complex  subject.  It  is  also  calculated 
to  inspire  confidence  in  the  accuracy  of  the  remarkably  complete  cost  tables 
that    are   presented   in    his    work. 

Entirely  aside  from  the  quantitative  value  of  the  costs  given,  the  work 
is  valuable  in  its  classification  of  cost  items  and  in  its  methods  and  forms 
of  cost  accounting  for  all  branches  of  outside  construction  work  It  is 
safe  to  say  that  no  such  complete  sets  of  cost  figures  have  ever  before  been 
presented,  and  a  cursory  examination  of  some  of  these  figures  seems  to 
indicate  that  they  are  reasonable  and  close  to  what  would  be  expected  in 
practice  for  similar  classes  of  work.  The  subdivisions  of  the  cost  item- 
involved  in  the  carrying  out  of  a  piece  of  work  might  be  criticized  as  being 
too  minute,  but  it  is  better  so  than  to  have  a  less  detailed  classification,  since 
combinations  of  items  given  by  Mr.  Mayer  may  readily  be  made  in  case 
persons  following  his  methods  of  cost  accounting  desire  a  less  detailed  show- 
ing of  results. 

The  value  of  the  work  would  have  apparently  been  enhanced  and  its 
completeness  added  to  if  it  had  been  made  to  embrace  the  inside  as  well 
as  the  outside  construction  work.  Central  office  buildings  and  equipments 
are  not  included,  nor  is  any  data  given  on  the  cost  of  telephones,  sub- 
station wiring,  etc.  It  is  true  that  the  costs  of  these  branches  of  work  are 
more  readily  determined  than  those  of  the  outside  construction  work,  but 
nevertheless  some  information  concerning  the  cost  of  these  items  would  be 
a  great  convenience  and  would  round  out  the  scope  of  the  work. 

The  work  as  a  whole  is  a  very  valuable  addition  to  the  literature  of  the 
telephone    industry.  K.    B.    M. 
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The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  library.  Back  numbers  of  periodicals  are  desirable  for  ex- 
change and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  October,  1908,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named: 

MISCELLANEOUS     GIFTS. 

City  of  New  York,  Board  of  Water  Supply,  "Data  regarding  Roudout  Pres- 
sure Tunnel,  and  One-half  of  Bonticou  Grade  Tunnel,  with 
drawings.  Contract  12,  being  portions  of  Catskill  Aque- 
duct. Also,  Data  regarding  a  portion  of  the  Wallkill  Di- 
vision of  the  Catskill  Aqueduct.  Contract  15,  with  draw- 
ings.    4  Pams. 

City  of  Chicago,   Department   of   Public  Works,  22nd  Annual   Report,    1907 

D.  W.  Mead,  M.  W.  S.  E.,  Madison,  Wis.,  "Water  Power  Engineering"  by 
D.  W.  Mead,  1908.     Cloth. 

C.  J.  Poetsch,  M.  W.  S.  E.,  Milwaukee,  Wis.,  "Annual  Report  of  City  En- 
gineer of  Milwaukee,-'   1907.     Pam. 

Iowa  State  Mine  Inspector,  Des  Moines,  Iowa,  "14th  Biennial  Report,  1908." 

Department  of  Auditor  of  State  of  Ohio,  "Bureau  of  Inspection  and  Super- 
vision of  Public  Offices.  Comparative  Statistics  of  Counties 
of  Ohio,  1906".     Pam. 

Illinois  Coal  Operators  Association,  Chicago,  Bulletin  No.  1,  "The  use  of 
Illinois  and  Indiana  Coal  without  Smoke-'.     1908.     Pam. 

James  F.  Case,  M.  W.  S.  E..  Manila,  P.  I.,  "Portland  Cement  Testing" 
by  Beibling  and   Salinger.     Pam. 

Charles  K.  Mohler,  M  W.  S.  E.,  Chicago,  "Report  on  the  Union  Elevated 
Railroad  of  Chicago,  Cause  of  Congestion,  Noise  of  Opera- 
tion,  etc.'-     Pam. 

Ohio  Society  of  Mechanical,  Electrical  and  Steam  Engineers,  "Papers  pre- 
sented  at    18th   meeting  at  Toledo,   November  20-21,   1908." 

Engineers'  List  Publishing  Co.,  Perth  Amboy,  N.  J.,  "The  Engineers'  List, 
November,   1908".     Pam. 

The  Charles  River  Basin  Commission,  Boston,  "Fifth  Annual  Report".    Pam. 

John  Brunner,  M.  \Y.  S.  E.,  Chicago,  "Atlas  of  the  World's  Commerce" 
1907.     Cloth. 

Department  of  Mines,  Geological  Survey  of  Canada,  Six  Maps,  Nos.  622, 
709,  844,  843,  740,  642. 

F.  G.  Ewald,  M.   W.   S.  E,   Springfield,  111.,  "Annual   Reports  R.  R.  &  W. 

Commission  of  Illinois",  1906,  1907.  "Special  Report,  Re- 
vision of  Schedule--,  1902  to  1906.  "Laws  Relating  to  Rail- 
roads and  Warehouses,  Illinois",  1907.  "Decisions  and 
Opinions.  R.  R.  &  W.  Commissioners  of  Illinois",  1900  to 
1907.     6  bound  volumes. 

G.  F.  Gebhardt.   M.   \Y.   S.  E.,  Chicago,   "Steam  Power  Plant  Engineering" 

by  G.  F.  Gebhardt.     Cloth. 

McGraw  Publishing  Co..  New  York,  "Electrical  Illuminating  Engineering", 
"Electric   Motors-',   by    Norman   G.   Meade,    1908.     2   books. 

State  Engineer  and  Surveyor  of  New  York,  "Line  of  Barge  Canal,  showing 
limits  and  designations  of  Contracts".     1   map. 

Bion  J.  Arnold,  M.  W.  S.  E.,  Chicago,  "Electrification  of  the  St.  Clair  Tun- 
nel",  by  F.   A.   Sager.     Pam. 

Theo.   Audel   Co..  New    York.   "Audel's  Gas  Engine  Manual--.     Cloth. 
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